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REMARKS 

Claims 153-204 are currently pending in the present application. 

Claims 153, 168, 183 and 194 have been amended to require that the sugar cane-derived 
extract include one or more non-saccharides as an active ingredient. Support for this amendment 
can be found, for example, in examples 3-4 of the present specification. 

Specifically, in Example 3 of the present application, the infection-preventing effect of 
the less-saccharide fraction prepared in Preparation Examples 5 and 7 against E. coli of intake 
was tested. The groups treated v^th the less-saccharide fraction clearly showed higher survival 
ratios, compared to the control group treated with sterilized distilled water. The survival ratio 
increased with the increasing amount of the less-saccharide fraction. In Example 4 of the 
present application, the anti- viral eflfect of intake of the less-sugar fraction prepared in 
Preparation Examples 5 to 7 was tested. The groups treated with the extracts having a higher 
non-sugar content showed particularly high survival ratios, compared to the control group treated 
with sterilized distilled water. 

Therefore, Examples 3-4 demonstrate that an active component of the sugar cane-derived 
extracts of the invention can be one or more non-saccharides. 

The 35 U.S.C. 112 Rejections 

Claims 153-204 have been rejected under 35 U.S.C. 112, first paragraph, as failing to 
comply with the written description requirement. Specifically, the Examiner alleges that the 
phrase, "providing a remedial effect for a disease" is not described in the specification. This 
rejection is respectfiiUy traversed and reconsideration is requested for the reasons that follow. 

In the specification, page 8, lines 2 to 3, there is the description, the " remedial effect is 
that against viruses or bacteria causing infectious diseases ", (emphasis added). Also, on page 23, 
lines 20 to 25, there is the description, "the present invention may be applied to prevent or 
remedy diseases caused by weakness or deficiency of immunological function through control of 
immunological fimction of man or animals. The present invention may be applied also to 
prevent or remedy various kinds of infectious disease ."(emphasis added). 

These portions of the specification therefore support the term, "providing a remedial 
effect for a disease", seen in claims 153 to 204. Favorable consideration and withdrawal of the 
rejection is requested. 
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Claims 153-204 have also been rejected under 35 U.S.C. 1 12, first paragraph on the basis 
that the specification does not reasonably provide enablement for treating any disease caused by 
any bacteria, fungus or virus. This rejection is respectfiiUy traversed and reconsideration is 
requested for the reasons that follow. 

The Examiner has taken the position, in support of this rejection, that "The level of 
predictability in treating infectious diseases is low, particularly regarding bacterial and viral 
infections such as anthrax, hepatitis, influenza, Ebola and HIV." See page 3, lines 6-8 of the 
Office Action dated August 24, 2004. While this may be true, it does not apply to the present 
invention because the mechanism of action of the present invention is control of immunological 
fimction. Moreover, the present invention does not treat a disease by developing specific 
antibodies against that disease, like, for example, a vaccine, but rather, provides a remedial effect 
against a disease by control of immunological fimction. Since this is the case, a skilled person 
would expect that the present invention would be generally applicable to a vdde variety of 
diseases since it controls immimological fimction rather than addressing a specific disease in a 
disease-specific way. 

In the specification on page 23, lines 20 to 25, there is a description to the effect that a 
sugar cane-derived extract of the invention may be applied to remedy diseases caused by 
weakness or deficiency of immunological fimction through control of immunological function of 
man or animals. . Thus, the remedial effect is attributable to the control of immunological 
fimction. Test Examples 2, 3 and Examples 1, 2 of the specification clearly support this 
statement, as explained below. 

In Test Example 2, the antibacterial activity of the sugar cane-derived extract against E. 
coli was tested in vitro . The minimum growth inhibiting concentration was found to be 10,000 
microgram/ml, with the conclusion that no strong antibacterial activity was observed in vitro , as 
set forth on page 41, lines 21 to 22 of the specification. On the other hand, in Example 1 of the 
specification, a solution or suspension of the sugar cane-derived extract was orally administered 
to mice, on the day before inoculation of E. coli. Then, a suspension of man-origin E. coli was 
subcutaneously inoculated into the mice. The group treated with the sugar cane-derived extract 
clearly showed higher survival ratios, compared to the control groups that received sterilized 
distilled water. The survival ratio also increased as the administered amount of the sugar cane- 
derived extract increased. 
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Accordingly, Test Example 2 demonstrated that the sugar cane-derived extract was not an 
effective anti-bacterial in vitro , but Example 1 of the specification clearly demonstrated that the 
sugar cane-derived extract was effective in vivo . Therefore, it is seen that the sugar cane- 
derived extract of the invention affects an immunological function of mice since this is the 
explanation that fits the experimental data of these examples. 

Also in Test Example 3, the proliferation-inhibiting properties of the sugar cane-derived 
extract against Coxsackie virus and Herpes simplex virus were tested in vitro . It was foxmd that 
the sugar cane-derived extract does not have a proliferation-inhibiting effect against Coxsackie 
virus, and has only a weak proliferation-inhibiting effect against Herpes simplex virus even at 
the higher concentrations of the extract, as set forth on page 43, lines 1 1 to 15 of the 
specification. On the other hand, in Example 2 of the specification, a solution or suspension of 
the sugar cane-derived extract was orally or intramuscularly administered to mice, 3 times in 
total, i.e., immediately after, one day after and two day after the inoculation of virus, or 9 times 
in total, i.e. three times per day for 3 consecutive days. The groups treated with the sugar cane- 
derived extract clearly showed higher survival ratios, compared to the control group, which 
received sterilized distilled water. The survival ratio also increased with an increasing 
administered amount of the extract. Accordingly, these examples also demonstrate that the 
sugar cane-derived extract was not effective in vitro , but was effective in vivo . Therefore, it is 
again seen that the sugar cane-derived extract of the invention affects an immunological function 
of mice. , 

hi addition, the following three articles also support the conclusion that the sugar cane- 
derived extracts of the invention have immuno-stimulating effects. One of the inventors, Kenji 
Koge, is an author of each of the three articles. Articles 2 and 2' are related to one another as the 
original article and the erratum for the original article. 

Article 1 : Moshira EL- ABAS Y et al. "Protective Effects of Sugar Cane Extracts (SCE) 
on Eimeria tenella Infection in Chickens", J. Vet. Med. Sci. 65(8): 865-871, 2003. 

Article 2 : Moshira El-Abasy et al. "Preventive and therapeutic effects of sugar cane 
extract on cyclophosphamide-induced immxmosuppression in chickens", International 
Immunopharmacology, 4, pp. 983-990, 2004. 

Article 2' : Moshira El-Abasy et al. "Erratum to "Preventive and therapeutic effects of 
sugar cane extract on cyclophosphamide-induced immunosuppression in chickens" [International 
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Immunopharmacology 418 (2004), pp. 983-990], International Immunopharmacology, 4, 1565- 
1568, 2004. 

Article 3 : Said Amer et al. "Immunostimulating effects of sugar cane extract on X-ray 
radiation induced inmixinosuppression in the chicken", International Immunopharmacology, 4, 
71-77,2004. 

Article 1 states, on page 869, right column, lines 16 to 20, "The enhancing effects of SCE 
on humoral immune responses may affect local mucosal immune responses which may 
correspond with the onset of specific immunity to E. tenella infection." SCE is an abbreviation 
for sugar cane extract as set forth on page 865, right column, lines 8 to 9 of Article 1, and 
obtained using the method of the present applicant as set forth on page 866, left column, lines 6 
to 10 of Article 1. 

Article 2 describes, on page 989, right column, lines 9 to 12, "The improving effects of 
SCE on immuno-suppression in CPA-treated chickens may be due to the recovery of the bursa- 
dependent lymphoid system and stimulation of immimocomponent B cells for morphological 
reconstitution of the bursa of CPA-treated chickens." 

Article 3 mentions, on page 77, left column, lines 1 to 4, "the efficacy of SCE as one of 
immunostimulants which can protect and/or recover from X-ray radiation induced 
immunosuppression in chickens..." 

In addition. Article 4, Osamu Nakamura et al., "Suppression of Sahnonella Enteritidis 
Excretion in Chicks Fed on a Sugar Cane Extract", Proceedings of the 132nd Research Seminar 
of the Japanese Society of Veterinary Science, page 199, PS-6109, September 7, 2001, is also 
enclosed. Inventor Takeo Mizutani is one of the authors of Article 4. Article 4 teaches that the 
sugar cane-derived extract has an immunostimulating effect against Salmonella Enteritidis. 

As seen from the specification and the four articles discussed above, it is clear that the 
sugar cane-derived extract of the invention works against infections by all types of bacteria, virus 
and fungi through control of immunological function. Favorable consideration and withdrawal 
of the rejection is requested. 

Claims 153-204 have been rejected under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. Specifically, the Examiner alleges that claims 153, 168 and 
183, and their dependents, are rendered vague and indefinite by reciting the phrase, "providing a 
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remedial effect for a disease" because the phrase is not adequately defined by the claim language 
or specification. This rejection is respectfiiUy traversed and reconsideration is requested for the 
reasons, which follow. 

Symptoms caused by a bacterial, fungal or viral infection are various and dependent on 
each kind of bacteria, virus and fungi. However, the symptoms caused by a specific bacterium, 
fungus or virus, are well-known from, for instance, books or dictionaries (for example, P. J. 
Quinn et al., "Clinical Veterinary Microbiology", Wolfe publishing, 1994; Patrick R. Murray et 
al., "Manual of Clinical Microbiology", ASM press, 1995.) For example, well-known 
symptoms caused by an infection of human influenza virus are fever (usually high), headache, 
extreme tiredness, dry cough, sore throat, runny or stuffy nose, muscle aches, nausea, vomiting, 
and diarrhea. 

Thus, the phrase, "providing a remedial effect for a disease" clearly communicates to a 
skilled person the provision of a remedy for these well-known symptoms. Therefore, the term, 
"providing a remedial effect for a disease" is sufficiently clear to meet the requirements of 35 
U.S.C. 1 12. Favorable consideration and withdrawal of the rejection is requested. 

The Rejection Under 35 U.S.C. S102 

Claims 153-154, 168-169 and 183 have been rejected under 35 U.S.C. §102(b) as being 
anticipated by WO 98/02041 (Bermudez et al.) (hereinafter referred to as "Bermudez"). This 
rejection, at least insofar as it applies to claims 153-154, 168-169 and 183, as amended, is 
respectfully traversed and reconsideration is requested for the reasons that follow. 

Bermudez discloses a method for preparing compositions useful in anti-adhesive 
therapies, comprising two heating steps as seen on page 3, lines 1 to 10 and page 5, lines 12 to 27 
of Bermudez. Heating step 1 is to heat the filtered liquid extract at a temperature of from about 
60°C to about 70°C for a time period of about 30 to about 60 minutes. Heating step 2 is to heat 
the liquid extract obtained in heating step 1 at a temperature of from about 130°C to about 165°C 
for about 24 hours. Bermudez also discloses that it is important that the extract reach a 
temperature of at least 150°C (i.e. the boiling point) as seen on page 5, lines 26 to 27 of 
Bermudez. The resulting product, Bercedin, contains 90 weight % of carbohydrates (mono-, 
oligo- and polysaccharides), as seen on page 6, lines 3 to 5 of Bermudez. 
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Bermudez also mentions, on page 2, lines 23 to 25 that, "it is believed that heat 
polymerization of one or more components of the sugar cane extract is required to develop the 
therapeutic activity of the composition."(emphasis added). Therefore, it is seen that one or more 
heat polymerized carbohydrates or polysaccharides are the active components in the Bercedin of 
Bermudez. 

The sugar cane-derived extracts of the present invention do not undergo heating above a 
temperature of 130°C during the preparation process. It is well known that sugar cane juice, 
sugar cane-derived molasses and a liquid extract of sugar cane with water, methanol, ethanol and 
a mixture thereof (hereinafter referred to as "raw materials") are prepared at a temperature of less 
than 120°C, as will be explained below in item (A). Then, steps of column chromatography (B) 
and concentration of eluents (C) are performed at a temperature of 100°C or less, as described 
below, to prepare the present extract. 

(A) Raw materials 

Sugar cane juice and sugar cane-derived molasses are prepared at a temperature of less 
than 120°C. This is because it is necessary to prevent degradation of sucrose in a process for 
recovering sucrose. If the raw material is heated to a temperature above 130°C, as set forth in 
Bermudez, sucrose will be degraded and polymerized. 

In a first aspect, the sugar cane juice includes mill juice obtained by milling sugar cane, 
extracted juice obtained by extracting sugar cane v^th water, clarified juice obtained by treating 
with lime in a sugar mill, and concentrated juice as seen on page 14, lines 13 to 16 of the 
specification. In a process for obtaining mill juice, water or warm water is used in milling. If 
the temperature is higher than 40°C, the milling machine is inoperable due to dissolution of 
waxy components from sugar cane in water. 

The temperature of the hot water used in a process for obtaining extracted juice is usually 
from 70 to 80°C. See Reference 5, George P. Meade, "Spencer-Meade Cane Sugar Handbook 
NINTH EDITION" - a manual for cane sugar manufacturers and their chemists, John, Wiley & 
Sons, Inc., 1963, page 60, lines 26 to 27, "Steam is also added directly to the diffusing boots and 
the temperature of the mill-expressed juices other than the first are about 170°F". 170°F equates 
to ITC, 
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Clarified juice is obtained by clarifying mill juice or extracted juice. In a clarifying 
process, mill juice or extracted juice is heated to a temperature of from 90 to 1 15°C (see 
Reference 5, page 89, second line from the bottom, to page 91, line 2). According to the general 
opinion in the year 1963, the temperature was just above the boiling point of water (103°C)(see 
Reference 5, page 91, line 5). 

Concentrated juice is obtained by concentrating the mill juice, the extracted juice or the 
clarified juice. In the concentration process, multiple-effect evaporators are usually used for 
heating, and the liquid temperature is 54 to 120°C, more generally 96 to 106°C. When sugar 
liquid is concentrated to a specific sugar concentration in one evaporator, the concentrated sugar 
liquid is transferred to the next evaporator. The temperature and pressure decrease downwardly. 
The temperature and pressure are such that the sugar liquid boils to evaporate water. The sugar 
liquid in the last evaporator has a concentration of Bx 70, whose boiling point is 100 + 5.5°C 
(see Reference 5, page 149, line 7). No more elevation of the liquid temperature occurs in the 
multi-effect evaporators. 

In another process where sugar liquid is heated under pressure, the maximum temperature 
is less than 120°C. If a higher temperature is applied, the ratio of sugar recovery will deteriorate 
due to heat decomposition. 

In a second aspect, the sugar cane-derived molasses includes those from a sugar mill; and 
those from a sugar refinery, as seen on page 14, lines 23 to 29 of the specification. In a sugar 
mill, sucrose seed crystals are added to the concentrated juice (see above) to obtain a mixture of 
precipitated sucrose crystals and a mother liquid, which is then centrifuged to separate the 
sucrose crystals, leaving the molasses. As mentioned above, no temperature higher than 120°C 
is applied up to the concentration process for obtaining the concentrated juice. 

The temperature applied in the crystallization step will now be discussed. Although the 
sugar liquid becomes supersaturated to cause boiling point-elevation, the temperature of boiling 
sugar remains at 50 to 105°C in a reduced pressure pan. See Reference 5, page 191, line 14, 
"with 83 purity and a strike temperature of 150°F". 150°F equates to 66°C. 

In a sugar refinery, sucrose crystals obtained from a sugar mill are dissolved in water, 
which is then clarified. The juice thus obtained is concentrated using muhiple-effect 
evaporators. No heating over 100°C is applied in any of the clarification, concentration and 
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crystallization steps where the purity of sucrose is rather high so that decomposition of sugar 
may be avoided. 

Also, use may be made of a residue of molasses that is deprived of saccharides, such as 
an isolated liquor obtained in alcoholic fermentation of such molasses, as seen on page 14, lines 
29 to 3 1 of the specification. Alcohol has a low boiling point, compared to that of water, and 
therefore the distillation temperature in a still is less than 100°C. 

In a third aspect, the liquid extract of sugar cane may be obtained by heating a mixture of 
sugar cane or bagasse, which is obtained by milling in water or warm water, as mentioned above, 
with water, methanol, ethanol or a mixture thereof. The boiling points of methanol, ethanol and 
water and a mixture thereof are: 64.65°C, 78.32°C, 100°C and less than 100°C, respectively. 
Thus, the raw material has not been heated above 120°C. 

(B) Column chromatography 

The raw material is subjected to column chromatography below a temperature of 9TC as 
discussed below. 

(a) The raw material obtained in one of the manners explained above is passed 
through a column packed v^th a synthetic adsorbent as a fixed carrier at a temperature of 
60 to 97°C. Substances adsorbed on the synthetic adsorbent are eluted with a solvent at 
a temperature of 20 to 40°C. See page 18, lines 13 to 18 of the specification. 

(b) The raw material obtained in one of the manners explained above is passed 
through a ion chromatographic column packed with a synthetic adsorbents as a fixed 
carrier at a temperature of 40 to 70°C. Substances adsorbed on the synthetic adsorbent 
are eluted with a solvent at a temperature of 40 to 70°C. See page 19, line 27 to page 20, 
line 4 of the specification. 

(C) Concentration of the eluents 

The eluents thus obtained are condensed under vacuum in a concentrator below 105°C 
and optionally freeze-dried below O^C. 

Thus, the sugar cane-derived extract of the invention has never experienced a temperature 
above 130°C, as is required by the Bermudez reference. 
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The active ingredients of Bercedin in Bermudez are carbohydrates (mono-, oligo- and 
polysaccharides). On the other hand, an active ingredient of the invention, as claimed in the 
amended claims, is one or more non-saccharides. Therefore, the active ingredient of the 
invention is different than that of the Bercedin of Bermudez. Favorable consideration and 
withdrawal of the rejection under 35 U.S.C. § 102(b) is requested. 

The Rejection Under 35 USC S103 

Claims 153-204 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Bermudez, Kawai, Saska, Agar, Brewer and Kearny. This rejection is respectfully traversed and 
reconsideration is requested for the reasons that follow. 

As demonstrated above, the active ingredients of Bercedin in Bermudez are 
carbohydrates (mono-, oligo- and polysaccharides). The present claims have been limited to 
require one or more non-saccharide active ingredients. Thus, this element of all of the claims is 
not taught or suggested by Bermudez. 

Kawai, Saska, Agar, Brewer and Kearney all relate to various aspects of the sugar cane 
extract manufacturing process, but none of these references provides any teaching or suggestion 
to modify the composition of the primary reference, Bermudez, to employ a non-saccharide 
active ingredient, hi fact, such a modification would never be obvious in view of Bermudez 
since, as discussed above, Bermudez contains a clear teaching that the active ingredients of the 
Bermudez compositions must be saccharides. Thus, the present invention is not realized from 
the combination of these references. 

Moreover, Bermudez differs from many sugar cane extraction processes in that 
Bermudez requires temperatures above 130°C, whereas, in many sugar cane extraction 
processes, such high temperatures are avoided in order to minimize degradation of the desired 
product sucrose. As a result, it is not obvious to combine the method of Bermudez with the 
secondary references to Kawai, Saska, Agar, Brewer and Kearney since Bermudez desires 
polymerization of carbohydrates at temperatures above 130°C, whereas the other references 
would avoid such high temperatures and polymerization in order to preserve the highest possible 
concentration of sucrose, the desired end product of these references. 

Finally, in response to the Examiner's comment in the office action on page 9, lines 5 to 
7 of the Office Action, wherein the Examiner alleges that the amended claims read on eating 
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sugar because the claimed extracts are obtained by the same methods practiced by the references 
to obtain sugar, the applicant disagrees since, as demonstrated above, the method of Bermudez is 
clearly different than the methods of the present invention. Moreover, the claimed method 
clearly does not read on eating sugar because the claimed method expressly requires the 
administration of "a sugar cane-derived extract" and not "sugar" as the Examiner suggests. 

Favorable consideration, entry of the amendment and issuance of a Notice of Allowance 
are solicited. Should the Examiner have any questions she is encouraged to call the Applicant's 
representative listed below. 



KNOBLE & YOSHIDA LLC 
Eight Penn Center, Suite 1350 
1628 John F. Kennedy Blvd. 
Philadelphia, PA 19103 
Phone: (215) 599-0600 
Fax: (215)499-0601 
Customer No.: 21,302 



Respectfully submitted. 



Dated: January 21,2005 
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FULL PAPER Immunology 

Protective Effects of Sugar Cane Extracts (SCE) on Eimeria tenella Infection in 
Chickens 

Moshira EL-ABAS Y^*^)^ MOTOBU^), Ki-Jeong NA^^', Kameo SHIMURA^), Kikuyasu NAJCAMURA^?, 
Kenji KOGE^>, Takashi ONODERA" and Yoshikazu HIROTA^^* 

^^Department of Molecular Immunology, Graduate School of Agricultural and Ufa Sciences, The University of Tokyo, 1-1-1 YayoU 
Bunkyo-ku, Tokyo 113-8657, ^^Natioruil Institute of Animal Health, National Agricultural Research Organization, 3-1-5 Kannondai, 
Tsukuba, Ibaraki 305-0856, lapan, ^^College of Veterinary Medicine, Chungbuk National University, 48 Gaesindong, Cheongju 361-763, 
Republic of Korea and ^^Chigasaki Laboratory, Shin Mitsui Sugar Co., Ltd, 1-2-14 Honson, ChigasaJd, Kanagawa 253-0042, Japan 

(Received 3 Februaiy 2003/Accepted 8 April 2003) 

ABSTRACT. The effects of oral administration of sugar cane extracts (SCE) on Eimeria tenella oocysts infection in chickens were studied 
with 2 different experiments. In Experiment 1, 3- week-old inbred chickens (MHC; H.B15) were inoculated into the crop with SCE (500 
mg/kg/day) for 1 day or 3 consecutive days, and then challenged with E. tenella spomlated oocysts (2 x 10* cells/chicken). In Experi- 
ment 2, 1-week-old chickens were oraUy administered SCE at the same dose for 3 consecutive days, and then initially infected with E. 
tenella sporulated oocysts (2x10^ cells/chicken). At 2 and 3 weeks of age, these chickens were immunized intravenously with the mixed 
antigens of sheep red blood cells (SRBC) and Brucella abortus (B A). At 4 weeks of age, chickens were challenged with E. tenella sporu- 
lated oocysts (1 X 10^/chicken). Challenged chickens with £. tenella oocysts showed markedly decreased body weight gain/day, severe 
hemorrhage and great number of shedding oocysts in feces and high lesion scores. Oral administration of SCE and initial infection with 
oocysts (2 X iCP/chicken) resulted in a remarkable improvement in body weight gain/day, hemorrhage, the number of shedding oocysts 
and lesion score, compare to other infected groups. In addition, SCE-inoculated chickens with the initial infection showed a significant 
increase in antibody responses against SRBC and BA and also improvement in decreased relative proportions of Bu-la+ and CD4 cells 
in cecal tonsil lymphocytes of E. rff/ieZ/a-challenged chickens. Cecal tissues of chickens administered SCE and initially infected with E. 
tenella oocysts showed lower numbers of schizonts, gametocytes and oocysts than those of infected control chickens. These results sug- 
gest that SCE have immunostiinulating and protective effects against E. tenella infection in chickens. 
KEY words: Eimeria tenella^ protective effect, sugar cane extract 

/ Vet Med Sci. 65(8): 865-871; 2003 



Chicken coccidiosis is caused by obligate intestinal pro- 
tozoan parasites belonging to several different species of 
Eimeria. Eimeria tenella {E. tenella) primarily invades and 
resides in the lining of the cecum of exposed chickens [1, 
14, 27-30]. Infective sporozoits enter the cecal mucosa by 
penetrating villus epithelial cells, resulting in extensive 
destruction of the cecal epithelium, hemonhagic feces, 
reduction in body weight gain, and decrease in feed effi- 
ciency and eventual mortality which lead to serious eco- 
nomic consequences. Thus far, chemoprophylaxis and 
anticoccidial feed additives have controlled the disease but 
have been compUcated by the emergence of drug resistance 
[4, 12, 26]. 

To prevent the emergence of drug resistance, new drugs 
have been developed and administered on a rotational basis 
with existing drugs. However, this has resulted in the 
increased cost of poultry products. Furthermore, drug or 
antibiotic residue in the poultry products is potentially 
annoyance to consumer. Therefore, the regulation of antic- 
occidial drugs should be strengthened gradually. It is gener- 
ally agreed that protective immunity does not block 
sporozoites froin penetrating the intestinal epithelium, but it 

* Correspondence to: Hirota, Y., Department of Production Dis- 
eases, National Institute of Animal Health, National Agricultural 
Research Organization, 3-1-5 Kannondai,. Tsukuba, Ibaraki 
305-0856, Japan, 



is not clear to what extent immune response to tenella 
sporozoites in the gut lumen can block penetration. Chick- 
ens orally administered attenuated vaccine or infected with 
a small number of E. tenella oocysts were shown to be resis- 
tant against challenge infection with the sublethal number of 
the same parasite. 

Immunomodulators are a highly expanding field of stud- 
ies to compete and/or control infectious diseases. Sugar 
cane extracts (SCE), one of native immunostunulants, have 
been reported to enhance immune responses, immune func- 
tions and growth in chickens [5,6]. In immune chickens 
only a few sporozoites reach the cecal epithelium during 
reinfection and those are unable to develop further [22, 23, 
27]. The purpose of the present study is to explore the fea- 
sibihty of immunological protection of chickens against E. 
tenella infection by oral administration of SCE and initial 
infection with E. tenella oocysts. 

MATERIALS AND METHODS 

Animals: Inbred chickens (MHC; H.B15), maintained at 
the National Instittite of Animal Health (NIAH), Tsukuba, 
Japan, were reared coccidia-free v/ith free access to food 
and water. 

Feed: Experimental feed without antibiotics and anticoc- 
cidial food additives was obtained from food manufacture 



866 



M. EL-ABASY£TAL. 



company (Sugiji Co., Ltd., Handa, Japan). 

Parasite and infection: Eimeria tenella (£. tenella\ the 
NIAH strain, was used. . The strain was originally isolated 
from naturally infected birds and maintained at the NIAH, 
Tsukuba, Japan. 

SCE administration: Original materials of SCE including 
cane juice produced from sugar cane {Saccharum offici- 
narum L.) in the raw sugar manufacturing process were sub- 
jected to the preparation of SCE (Shin Mitsui Sugar Co., 
Ltd., Japan) as described earlier [5, 6]. The original concen- 
tration of SCE (100 mg/m/) was prepared in phosphate buff- 
ered saline (PBS). SCE was inoculated with a pipette 
(Komagome pipet, Iwald Co., Tokyo, Japan) into the crop of 
chickens at the dose of 500 mg/kg/day for 1 day or 3 consec- 
utive days. 

Experiment 1: This experiment was carried out to evalu- 
ate the effect of SCE on the incidence of coccidiosis in 
chickens. Three-week-old inbred chickens were divided 
into 4 groups, 1) uninfected control group (referred to as 
control), 2) chickens were inoculated into the crop with E. 
tenella oocysts (2 x 10^ cells/chicken) (referred to as chal- 
lenge), 3) chickens orally administered a single dose of SCE 
(500 mg/kg) and then challenged with the same dose of E. 
tenella oocysts (referred to as SCE (1) + challenge) and 4) 
chickens orally administered SCE for 3 consecutive days 
and then challenged with E. tenella oocysts (referred to as 
SCE (3) + challenge). 

The body weight was measured at days 0 and 7 after chal- 
lenge. Mortality was recorded and body weight gain per day 
was calculated. Hemorrhagic feces were observed from day 
5 to day 7 post challenge. The total amount of feces was 
collected from all experimental groups from day 5 to day 7 
after challenge for oocyst shedding determination [19]. The 
oocysts were diluted and counted microscopically in a 
plankton counter chamber. Total oocyst number was calcu- 
lated as oocyst count x dilution factor x counting chamber 
volume X fecal sample volume. On day 7 post challenge all 
chickens were killed and scored for gross cecal lesions on a 
scale of 0 to 4 according to the method of Conway [3]. 

Experiment 2: This experiment was performed to evalu- 
ate the effects of SCE on immime responses and infection 
against E. tenella in chickens. First, 1 -week-old chickens 
were divided into three groups of control, initial infection 
and SCE (3) + initial chickens, which were referred in 
Experiment 1. Each group consisted of 12 chickens. All 
chickens were immunized intravenously with the mixed 
antigens of sheep red blood cells (SRBC) and Brucella 
abortus (BA) at 2 and 3 weeks of age. Subsequently, at 4 
weeks of age after evaluation of antibody responses to 
SRBC and BA, half chickens in the above three groups were 
challenged orally with E. tenella sponilated oocysts (1 x 
10^/chicken), consisting the following six groups; 1) saline- 
administered uninfected control chickens (control), 2) 
chickens challenged v^dth E. tenella sporulated oocysts (1 x 
lOVchicken) (challenge), 3) chickens challenged with E, 
tenella sporulated oocysts (2 x lO^/chicken) (initial infec- 
tion), 4) chickens initially infected and then challenged with- 



E. tenella oocysts (initial + challenge), 5) chickens adminis- 
tered SCE for 3 consecutive days and then initially infected 
with E. tenella oocysts (SCE (3) + mitial), and 6) chickens 
administered SCE for 3 consecutive days, initially infected 
and then challenged with E. tenella oocysts (SCE (3) + ini- 
tial + challenge). Each group consisted of six chickens. 
Gain in body weight/day (g/day), clinical signs, oocyst 
shedding and lesion scores were evaluated in all chickens 
after challenge at 4 weeks of age. 

Immunization and determination of antibody titers: Each 
chicken was immunized intravenously with 0.1 mZ of mixed 
antigens containing SRBC (5 x 10^ ceUs) and BA (1 x 10^ 
cells) [8] at 2 and 3 weeks of age. Agglutinin titers against 
SRBC and BA were evaluated in sera taken at 7 days after 
each imjnunization, as described previously [8]. The sera 
were also treated with 0.2 M 2-mercaptoethanoi (ME) to 
evaluate 2-ME resistant agglutinin titers. 

Isolation of intestinal leukocytes: Chicken intestinal leu- 
kocytes (TL) were prepared according to the technique of 
Choi et aL [2]. Briefly, the intestine between the duodenal 
loop and the region inmiediately prior to the Meckel's diver- 
ticulum was excised, cut longitudinally, and washed 3 times 
in PBS supplemented with 2% fetal bovine serum (FBS). 
Intestinal tissue of each chicken was treated separately, cut 
into small pieces, and incubated for 10 min in the same 
medium supplemented by 10 naM dithiothreitol to eliminate 
the intestinal mucous membrane. The supernatant was dis- 
carded and the small pieces of the intestine were incubated 
for 20 min at 37°C in PBS containing 1 mM EDTA. Cells 
in the supernatant were washed and gently pressed through 
a stainless steel mesh to remove most epithelial cells, dead 
cells and cellular clusters. Cells were further pimfied by 
60% percoll density gradient centrifugation at 3,000 rpm for 
20 min at 24°C to remove red cells. Cell viability was over 
95% as determined by trypan blue exclusion. The cells were 
finally suspended to a concentration of 1 x 10^ cells/m/ in 
2% FBS-PBS. 

Relative proportions of cells positive for marker antigens: 
The relative proportions (RP) of cells positive for marker 
antigens in IL were evaluated the following procedures 
described by Erf et aL [7]. Briefly, 100 jjI of chicken leuko- 
cytes (1 X 10^ ceUs/m/) and 100 of 2% FBS-PBS were 
mixed in each well of a 96-well plate and centrifuged at 
2,000 rpm for 1 min at 4°C. After 2 times washing, the sed- 
imented cells were supplemented with 100 fd of mouse- 
anti-chicken monoclonal antibody specific for Bu-la, CD4, 
CD8, TCRl, TCR2 and TCR3 markers, generous gifts of 
Dr. Olli Vainio, University of Turku, Finland, and then 
incubated on ice for 30 min. After incubation the cells were 
washed 2 times with 2% FBS-PBS and supplemented with 
100 fil of FITC-conjugated anti-mouse IgG antibody 
(Zymed, CA, U.S.A.) diluted 1 :400 in PBS. The cells were 
incubated on ice for 30 min, and then washed 2 times with 
2% FBS-PBS. The RP of Bu-la*, CD4!, CDS*, TCRr, 
TCR2* and TCR3'^ cells in IL were evaluated using a flow 
cytometer (XL, Beckman Coulter Corp, U.S. A.). 

Histopathology: On day 7 post challenge cecal tissue 
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samples were excised, fixed with neutral buffered fo rmalin 
(10%), and then embedded in paraffin. Approximately 4 
lim thick cross sections were excised and stained with 
hematoxylin and eosin (HE) for histopathological examina- 
tion [19]. 

Efficacy of SCE: Efficacy of SCE was evaluated on the 
basis of mortality, gain in body weight/day, degree of hem- 
orrhagic feces, oocyst count/chicken, lesion scores, immune 
responses and RP of Bu-la"^ and CD4"^ in IL. The mortality 
was estimated from the number of dead chickens in each 
infected group. The body weight gain per day was deter- 
mined firom challenge to 1 week post challenge. The extent 
of hemorrhagic fecal score was assigned corresponding to 
the degree of hemorrhages in the feces [29]. Oocyst shed- 
ding was investigated firom day 6 to day 7 post challenge 
with E. tenella and the lesion score of each group was inves- 
tigated on day 7 post challenge. The localization of sch- 
izonts, gametocytes and oocysts in the cecum was 
microscopically investigated. 

Statistical analysis: The Student's t test was used for sta- 
tistical significance determination. P values of less than 
0.05 were considered to be statistically significant All data 
were expressed as mean + standard error (SE). 



RESULTS 

Clinical signs and lesion scores in Experiment 1: Chick- 
ens challenged with E, tenella (2 x 10^) showed severe clin- 
ical signs such as anorexia, depression, severe and 
continuous hemorrhages in feces and hemorrhagic feces 
around the cloaca. The surviving chickens showed retarded 
growth with decreased body weight gain/day as shown in 
Table 1. Yellowish- white sausage-like structures in the 
feces excreted from the cecum could be found. In contrast, 
chickens orally administered SCE and challenged with 
oocysts showed no mortality, indicating a significant 
improvement in the body weight gain/day, milder hemor- 
rhages and less number of oocysts shed in feces and lower 
lesion scores, when compared to the challenged groups 
(Table 1). 

Immune responses: The results concerning immune 
responses against SRBC and BA in Experiment 2 are sum- 
marized in Table 2. SCE-administration and additional ini- 
tial infection with E, tenella oocysts (2 x 10^) resulted in an. 
increase in antibody responses against SRBC and BA in 
both first and second responses, as compared with those of 
uninfected control group and initially infected group. In 
addition, the enhancing effects of SCE were shown in both 



Table 1. Effect of oral administration of SCE on body gain, fecal oocyst shedding and lesion score in E. tenella infected chickens 
(Experiment 1) 



Group 



Number of total 
chickens 



Number of dead 
chickens 



Gain in body 
weight (g/day)'* 



Hemorrhagic 
feces'"^ 



Oocyst shed/chicken 
(X 106)') 



Lesion score* 









Day 6 


Day 7 




0 


10.7 ±0-1 




0 


0 


0 


0 


7.6 ±1.2* 


++ 


58 


27 


+4.0 


0 


8.6 ±1.1 


" + 


23 


16 


+3.8 


0 


8.9 ±0.9** 


+ 


16 


12 


+3.3 



Control 

Challenge 

SCE (1) + challenge 

SCE (3) + challenge 



10 
12 
7 
12 



a) Mean±SE. 

b) +: Transient hemorrhage; ++: continuous hemorrhage fnmi day 5 to day 7 post infection. 

c) Values represent mean oocyst numbers in pooled feces of each group. 

d) Values represent mean lesion scores of each group. * P<0.01. compared to control group, and ** P<0.05. compared to challenge group. 

Table 2. Antibody responses to SRBC and BA in chickens oraUy administered SCE and initiaUy infected wiih K tenella oocysts (Experi- 
ment 2) ^ ^ . 



Group 



Initial _ 
SCE infection with 
oocysts ~ 



Immune responses'' 



SRBC 



BA 



Rrst response 



Second response 



Rrst response 



Second response 







Number of 


Titer 


Number of 


Titer 


Number of 


Titer 


Number of 


Titer 






responders 




responders 




responders 




responders 




Control . - 




12/12 


8,0 ±0.7 


12/12 


10.3 ±0.6 


yi2 


0.4 ±0.4 


12/12 


10.8 ±1.0 


Initial infection - 




12/12 


C6.0±0.3)« 


12/12 


(6.7 ±0.5) 


0/12 


CO) 


0/12 


(0) 


+ 


" 12/12 


7.4 ±0.7 


12/12 


10.2 ±0.9 


1/12 


0-2 ±0.2 


12/12 


10.7 ±0.7 


SCE (3) + initial + 




12/12 


(5.8 ±0.2) 


12/12 


(7.9 ±0.4) 


0/12 


(0) 


0/12 


(0) 


+ 


12/12 


12.2 ±1.0** 


12/12 


13.6 ±0.7* 


4/12 


2.6 ±1.0* 


12/12 


13.8 ±1.0 






12/12 


(8.3 ±0.5)** 


12/12 


(11.1 ±0.6)*'* 


0/12 


(0) 


0/12 


(0) 



b) The parenthesis show 2-ME resistant titers. 

* P<0.05; ** P<0.01, compared to control and initially infected groups; respectively. 
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Table 3. Mortality rate, gain in body weight, fecal oocyst shedding and lesion score in chickens orally administered SCE and infected with 
E. tenella oocysts (Experiment 2) 







tenella 


Number of 


Number of 


Gain in body Hemorrhagic Oocysts shed 




Group 


SEC 


Initial 


Challenge 


total 


dead 


weight 


feces''^ 


/chicken Lesion score**^ 






(2x103) 


(1 X 10^) 


chickens 


chickens 


(g/day)»> 




(X 




Control 








6 


0 


10.6 ±0.8 




0 


0 


Challenge 








6 


1 


8.5 ±1.4 


++ 


42.0 


+4.0 " 


Initial infection 




+ 




6 


0 


U.7±1.7 




0 


0 


Initial + challenge 




+ 


+ 


6 


0 


11.0±0.7 


+ 


40.0 


+3.0 


SCE (3)+ initial 


+ 


+ 




6 


0 


15.9 ±0.4* 




0 


0 


SCE (3) + initial + challenge 


+ 


+ 




6 


0 


13.9 ±0.9* 


+ 


3.3 


+2.0 



a) Mean ± standard error." 

b) +; Transient hemorrhage; ++: continuous hemorrhage from day 5 to day 7 post infection. 

c) Values represent mean oocyst numbers in pooled feces of each group. 

d) Values represent mean lesion scores of each group. 

* P<0.01, compared to control, challenge and initial + challene groups. 



Table 4. Relative proportions (RP) of cells positive for marker antigens in intestinal leukocytes (EL) of chickens 
orally administered SCE and infected with E, tenella oocysts (Experiment 2) 



Group 


E tenella 


RP (%) of surface marker antigen positive cells*' 


(2x10^) 


Challenge 
(1 X 10^) 


BU-la* 


CD4-^ 


CD8+ 


TCRl* 


TCR2* 


TCR3+ 


Control 






11.8 


10.2 


34.1 


12.5 


16.5 


12.5 


Challenge 




+ 


5.7 


3.7 


50.7 


23.5 


19.5 


18.5 


Initial infection 


- + ' 




14.4 


21.0 


35.9 


13.4 


26.5 


10.5 


Initial + challenge 


+ 


+ 


11.0 


12.8 


55.0 


18.0 


32.0 


12.7 


SCE (3) initial 


+ + 




24.5 


10.5 


35.4 


28.8 


15-5 


9.3 


SCE (3) + initial + chaDenge 


+ + 




15.8 


7.5 


49.5 


36.9 


19.7 


18.5 



a) RP was examined on day 8 after challenge. Values represent the mean PR of 3 chickens in each group. 



numbers and titers of responding chickens producing anti- 
bodies to BA in the first and second responses. 

Gain in body -weight, oocyst shedding and lesion scores in 
Experiment 2: All chickens except the three groups of con- 
trol, initial infection and SCE (3) + initial in Experiment 2 
were challenged with E. tenella oocysts (1 x 10^). Chal- 
lenged chickens showed retarded growth as determined by 
sharply decreased body weight gain/day (8.5 ±1.4 g/day) as 
shown in Table 3. Severe and continuous hemoahages in 
feces and hemonhagic feces around the cloaca were also 
observed in those chickens. In addition, challenged group 
and initially infected + challenged group shed a large num- 
ber of oocysts in the feces/chicken on days 6 to 7 (42 x 10^ 
and 40 x 10^, respectively) after challenge infections with 
typical gross lesions including mucosal edema, severe hem- 
orrhagic intestinal inflammation, gray-white to milky yel- 
low sausage-hke structures composed of oocysts, necrotic 
cells, red blood cells and mucous filling the intestinal lumen 
and necrosis of the cecum and lower parts of small intestine 
(lesion score^ +4 and +3, respectively). On the other hand, 
chickens administered SCE and initially infected with 
oocysts showed improved body weight gain/day (13.9 ± 0.9 
g/day), milder hemorrhages and less number of oocysts (3.3 
X 10^) shed in die feces and mild intestinal inflammation 
with lower lesion score (-r2) after challenge, when com- 
pared with the described two groups (Table 3). 



RP of surface marker antigens: The results concerning 
the mean RP in IL from 3 chickens in each group are sum- 
marized in Table 4. Chickens challenged with E. tenella 
oocysts showed decreased RP of Bu-la+ and CD4'' ceDs 
(3.7%). as compared to control (11:8% and 10.2%, respec- 
tively). On other hand, the RP of Bu-la"" cells and CD4"^ 
cells in SCE (3) + initial + challenge group were 15.8% and 
7.8%, respectively, suggesting that oral administration of 
SCE just before initial infection with oocysts improved 
these decreased RP in IL of J?. fene//a-challenged chickens. 
Furthermore an apparent increase in the RP of TCRl"*" cells 
was shown in chicken groups administered SCE, SCE (3) + 
initial and SCE (3) + initial + challenge, when compared to 
that of chickens not administered SCE. 

Histopathology: As showed in Fig. 1, a lot of schizonts 
were observed in the cecal mucosa of challenged chickens 
(Fig. lA) and initially infected + challenged chickens (Fig. 
IB). On the other hand, very few schizonts were observed 
in cecal sections from SCE (3) + initial + challenge chickens 
CFig. IC). 

DISCUSSION 

The goal of the experiments in the present study was to 
determine the effects of oral administration of SCE on main 
variables associated with pathology caused by E. tenella 
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Fig. 1. Histology of the ceca of 5-week-old chickens challenged with £. tenella spomlated oocysts (1 x 10^) (HE stain, x 100), A) A lot 
of schizonts (->) in the cecal mucosa of challenged chickens, B) many schizonts (->) in the cecal mucosa of initially infected + chal- 
lenged chickens and C) no schizonts in the cecal mucosa of SCE + initially infected + challenged chickens. 



infection in chickens including mortality, body weight gain, 
the degree of hemorrhage in feces, oocyst shedding, lesion 
score and immune responses. The body weight gain/day 
significantly decreased after challenge with E. tenella 
oocysts. Reduced body weight gain is a major contributor to 
production of loss that accompanies coccidial infection in 
young chickens because inflammatory immune responses 
divert energy JBrom growth which may affect the weight gain 
[13]. Oral administration of SCE significantly improved 
body weight gain per day in initially infected chickens and 
initially infected + challenged chickens. These results con- 
firmed ovu: previous results concerning the growth-promot- 
ing effects of SCE in chickens [5, 6]. The improving effects 
of SCE on body weight gain and decreasing the mortality in 
chickens after E. tenella oocyst infection may be associated 
with its protective effects. Youn and Noh [29] reported that 
administration of herb extracts improved the survival rate 
and body weight gain in chickens infected with E. tenella. 
However, Allen [1] reported that daily oral administration 
of L-arginine (500 mg/Tcg) did not increase the body weight 
gain but sigmficantiy reduced oocyst shed jfrom E. tenella- 
infected chickens than infected control group. The body 
weight gain/day, hemorrhages and oocyst shedding in feces 
and lesion scores were investigated during 1 week after 
challenge with E. tenella oocysts. Hemoirhages m feces of 
almost all experimental groups, except the uninfected con- 
trol group, were seen during 5-7 days after infection with E. 
tenella oocyst. But the extent of hemorrhage in feces of 
chickens administered SCE and initially infected with 
oocysts was milder than that of other infected groups. The 
oocyst output in SCE-administered + initially infected + 
challenged chickens (3.3.x lOVchicken) was lower than that 
of challenged group and initially infected + challenged 



group (42 and 40 x 10^/chicken, respectively). The lesion 
scores in the SCE + initially infected + challenged group 
(+2) improved bettei: than those of challenged group and ini- 
tially infected + challenged group (+4 and +3, respectively). 
These results indicated a protective effect of SCE on K 
tenella infection. 

The antibody responses against SRBC and BA signifi- 
cantly increased in both first and second responses in chick- 
ens orally administered SCE and initially infected with 
oocysts, when compared with those of tminfected control 
and initially infected chickens. These results also confirmed 
our previous findings that oral administration of SCE signif- 
icantly increased the antibody responses against SRBC, BA 
and Salmonella enteritidis (SE) and also maintained higher 
antibody titers than control chickens [5], suggesting the 
stimulatory effects of SCE on antibody production. The 
enhancing effects of SCE on humoral immune responses 
may affect local mucosal immxme responses which may cor- 
respond with the onset of specific immunity to E. tenella 
infection. These resiilts are in agreement with those of Li et 
al [15, 16] reported the activation of classical complement 
pathway by a polysaccharide from sugar cane extracts and 
its interaction with immunoglobulins. Parmentier et al [20] 
reported immime responses and resistance to Eimeria acer- 
vulina of chickens divergently selected for antibody 
response to SRBC. 

Flow cytometric analysis of cecal tonsil lymphocytes 
showed decreased relative proportions of Bu-la^ and CD4^ 
cells in EL of challenged chickens. Oral administration of 
SCE with oocysts of E. fene/Za .improved these decreased 
proportions in IL of challenged chickens with E. tenella 
oocysts, indicating the stimulatory effects of SCE on the 
local mucosal immunity. It is generally believed that CIM"*^ 
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cells are important to develop help during antibody 
responses, but CD4'*^ cells also provide help during induction 
of cytotoxic responses [17, 25, 28]. Using the murine model 
system for protozoan infection, the importance of CD4^ 
cells has been reported in the control of infection with E. 
tenella [24, 25] and Toxoplasma gondii [10, 11]. Stimula- 
tion of antibody responses to SRBC and BA in chickens 
orally adnDunistered SCE and initially infected with oocysts 
and improved relative proportions of Bu-la+ and CD4"^ cells 
in IL suggested that administration of SCE with a low dose 
of oocysts played a role in the development of protective 
immunity against oocyst-reinfection by interacting with 
lymphocytes. The importance of lymphocytes in immune 
responses to coccidia has been reported in chickens [23]. 
The spleen cells and peripheral blood lymphocytes from 
immune chickens are capable of transferring the resistance 
against the infection to naive recipients. Furthermore, the 
treatment of chickens with immunosuppressive agents 
enhanced the severity of coccidiosis. Isobe and Lillehoj [9] 
reported that dexamethasone-treated chickens showed 
reduced T-cell proliferation, reduced interferon production 
and increased susceptibility to Eimeria infection. It was 
reported that cane sugar factors induced in vivo protective 
responses against Pseudomonas aeruginosa and Proteus 
mirabilis [21]. Youn and Noh [29] reported anticoccidial 
effects of herbal extracts on E. tenella infection. In the 
present study oral administration of SCE with tenella 
oocysts was found to show more effective improvement 
after challenge than challenged group and initially infected 
+ challenged group on the basis of survival rate, gain in 
body weight, hemorrhages and oocyst shedding in feces and 
lesion scores. 

Histopathological examination revealed that chickens 
received SCE with initial infection showed lower numbers 
of schizonts, gametocytes and oocysts in the cecum after 
challenge than any other infected groups (even if initially 
infected with tenella oocysts). Thelackof parasite devel- 
opment in cecal tissues, enhanced immune responses and 
improved relative proportions of Bu-la+ and CD4+ ceils in 
IL of chickens orally administered SCE and initially 
infected with oocysts indicated that these birds had mounted 
protective immune responses which may prevent invasion 
and development of sporozoites in the cecal tissue after 
challenge. It has been reported that avian humoral immn- 
nity in the intestinal tract is mediated via secretion of anti- 
body by plasma ceUs located within the gut lamina propria 
into the intestinal lumen [1, 18]. Vervelde et al [28] 
reported the major role of intestinal leukocytes in protective 
immunity following fene//a infection. The mechanism by 
which oral administration of SCE results in reduction of 
pathological lesions in E, rene//a-infected chickens remains 
open. Further basic studies including the interaction 
between SCE and intestinal immune cells are needed. 

Taken together, these results suggest that inoculation of 
SCE with jE". tenella oocysts into the crop induces protective 
inmiunity against E. tenella infection in chickens. The pro- 
tective effects of SCE- administration- on local mucosal' as' 



well as systemic immune responses may inhibit the invasion 
and/or natural development of the parasites. 
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Abstract 

Effects of oral administration of sugar cane extract (SCE) on inununosuppression in chickens treated with 
cyclophosphamide (CPA) were evaluated Three-week-old inbred chickens were inoculated into the crop with SCE (500 
mg/kg/day) for three consecutive days before or after injection of CPA 12 or 20 mg/chicken. At the last day of SCE or CPA 
treatment, all chickens were immunized intravenously with sheep red blood cells (SRBC) and Brucella abortus (BA). Chickens 
administered SCE showed a significant increase in body weight, gain in body weight/day, relative weight of the bursa of 
Fabricius and antibody responses to SRBC and BA than untreated control chickens. Chickens injected with CPA alone showed 
significantly decreased body weight, gain in body weight/day, relative weight of the bursa and antibody responses to SRBC and 
BA, showing immunosuppression in the bursa-dependent immune system. All. chickens administered SCE before or after the 
treatment with CPA showed significantly higher values in body weight, gain in body weight/day, relative bursal weight and 
antibody responses to both antigens, when compared to chickens treated with CPA alone. In histological examination, chickens 
administered SCE showed a typical bursa with well constituted follicles, although chickens treated with CPA alone showed a 
severely atrophied bursa with rudimentary folHcles and enoraious proliferation of interfolHcular connective tissue. Chickens 
treated with SCE and CPA showed a well-reconstituted bursa with almost normal structure. These results suggest that SCE has 
functionally and morphologically reconstituting effects on the bursa-dependent immune system in immunosuppressed chickens 
induced by injection of CPA. 
© 2004 Elsevier B.V. All rights reserved. 

Keywords: Chickens; Immunosuppression; Cyclophosphamide; Sugar cane extract 
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potent new antibiotics, the frequency of opportunistic 
infections [1,2], primarily attributed to stress-associ- 
ated immunosuppression, has increased in economi- 
cally important domestic food animals, causing great 
economic losses. Moreover, the high incidence of 
drug-resistant bacteria from the frequent and continu- 
ous use of antibiotics poses big problems facing the 
poultry industry. A possible application of immunos- 
timulants of a native type such as chicken egg white 
derivatives to clinical practice of companion animals 
with immunosuppression-associa.ted diseases has been 
reported [3,4]. 

We have, been reported that sugar cane extract 
(SCE) enhances the growth rate, antibody responses 
to sheep red blood cells (SRBC), Brucella abortus 
(BA) and a commercially available Salmonella Enter- 
itidis vaccine and delayed type hypersensitivity 
responses to human 7 globulin in chickens [5]. 
Furthennore, SCE has been found to have radiopro- 
tective effect [6] on intestinal damage in X-ray irra- 
diated chickens and protective effects against Eimeria 
tenella oocyst infection in chickens [7,8]. 

Cyclophosphamide (CPA) is an immunosuppres- 
sive agent widely used in organ transplantation and 
the treatment of various autoimmune disorders [9]. It 
has been reported that injection of CPA to newly 
hatched chickens primarily induced selective B cell 
damage resulting in irreversible humoral immunosup- 
pression [10-14]. Animals with deficient humoral 
immunity resulted in increased susceptibiUty to infec- 
tion [15]. It is necessary to find a useful immunopo- 
tentiaitor for enhancing the immunotherapeutic value 
of CPA treatment and improving productivity of 
animal farms. 

Therefore, the purpose of the present study is to 
examine the effects of oral administration of SCE on 
fimctional and histological reconstitution of the bursa- 
dependent immune system in chickens intramuscular- 
ly injected with CPA. 

2. Materials and methods 

2.7. Animals 

Inbred chickens of line V (MHC; H.B15). main- 
tained at the National Institute of Animal Health 
(NIAH), Tsukuba, Japan, were used in the present 



study. The present study including the treatment of 
chickens is followed according to the Guidelines for 
Animal Experiments of NIAH, Japan. 

2.2. SCE 

SCE was kindly provided by Shin Mitsui Sugar, 
Japan. Original materials including cane juice pro- 
duced from sugar cane {Saccharum officinarum L.) in 
the raw sugar manufacturing process were subjected 
to the preparation of SCE. Dried SCE finally prepared 
by synthetic adsorbent chromatography and cation 
exchange column chromatography consisted of crude 
protein (16.9%), crude fat (0.5%), ash (36.1%) and 
nitrogen-free extracts (46.5%) [6]. The original con- 
centration (100 mg/ml) of SCE was prepared in 0.1 M 
phosphate buffered saline (PBS), and inoculated into 
the crop of chickens at the dose of 500 mg/kg/day for 
three consecutive days with a round bottom type 
KomagomeTM pipette (Iwaki Glass, Tokyo, Japan). 
Chickens, orally . administered physiological saline 
instead of SCE in the same manner, were subjected 
to a control group. 

2J. CPA 

Four milligrams (Experiment 1) and 5 mg (Exper- 
iment 2) of CPA (EndoxanTM, Shinogi, Osaka, Ja- 
pan) was injected into the femoral muscle of a chicken 
for three and four consecutive days, respectively [13]. 

2.4. Experiment protocol 

In Experiment 1 , 3-week-old chickens were divid- 
ed into six groups: (1) saline-administered control 
chickens (referred to as control), (2) chickens received 
CPA alone (4 mg/chick/day for three consecutive . 
days) (CPA), (3) chickens administered SCE alone 
for three consecutive days (SCE), (4) chickens ad- 
ministered SCE for three consecutive days and then 
injected with CPA for three consecutive days 
(SCE + CPA). (5) chickens received CPA for three 
consecutive days and then administered SCE for three 
consecutive days (CPA + SCE), and (6) chickens ad- 
mmistered SCE and injected with CPA at the same 
time (CPA = SCE). 

In this Experiment 2, 3-week-old chickens were 
treated with CPA at 5 mg/chick/day for four cpnsec- 
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utive days to induce more severe immunosuppression 
than that in Experiment 1, and then divided into six 
groups with the same reference described above. 

2.5, Body weights and relative weights of the bursa of 
Fabricius and spleen 

Chickens were weighed individually before SCE 
and CPA administration at the age of 3 weeks and 
weighed again 3 weeks later. The body weight gain/day 
in each chicken group was calculated. At 6 weeks of 
age, binds were killed with ether. The bursa and spleen 
were excised, and then collected in sterile PBS. The 
relative organ weights were evaluated and expressed as 
mg/100 g body weight [16]. 

2.6. Immunization and evaluation of antibody titers 

At 28 and 35 days of age, on the last day of SCE 
administration or CPA treatment, each chicken was 
immunized intravenously with 0.1 ml of mbced anti- 
gens containing sheep red blood cells (SRBC: 5x10* 
cells) and heat-inactivated B. abortus (BA: 1 x 10^ 
cells). Agglutinin titers against. SRBC and BA were 
determined in heat-inactivated sera taken 7 days after 
each immunization, as procedures described by Hirota 
et al. [17]. The sera were also treated with 0.2 M 2- 
mercaptoethanol (2-ME) to determine 2-ME resistant 
agglutinin titers. Agglutinin titers were expressed as 

Table 1 

The effects of SCE on body weight, the gain in body weight and the relative weight of bursa and spleen in 6-week-oId chickens injected 
intramuscularly with CPA (4 mg/day) for three consecutive days at 3 weeks of age (Experiment 1)" 



the mean log2 of the reciprocal of the highest dilution 
giving 50% agglutination. 

2. 7. Microscopic examination of the bursa 

The bursa and spleen tissues were fixed with 
neutral buffered formalin (10%), and embedded in 
paraffin. Approximately 4-jLun-thick tissue sections 
were stained with hematoxylin and eosin (HE) for 
histopathological examination. 

2.8. Statistical analysis 

The Student's t test and Kruskal-Wallis/Mann- 
Whiteney tZ-test were used for statistical significance 
determination. P values of less than 0.05 were con- 
sidered to be statistically significant. All data were 
expressed as the mean ± standard error of the mean 
(S.E.M.). 



3. Results 

5.7. Body weights and the relative weights of the 
bursa and spleen 

The results concerning body weight, body weight 
gain/day and relative weight of the bursa and spleen 
in Experiments 1 and 2 are summarized in Tables 1 



Group 


Number 


Body weight 




Gain in body 


Bursal weight (mg/ 


Spleen weight (mg/ 






At 3 -week-old (g) 


At 6-week-old (g) 


weight (g) 


100 g body weight) 


100 g body weight) 


Control 


5 


79.0 ±6.5 


242.8 ± 5.4 


7.6 ± 0.3 


446 ±26 


293 ± 52 


CPA 


6 


93.5 ± 10.8 


233.0 ± 3.8 


6,5 ± 0.5 


273 ±14** 


280 ±34 


SCE 


6 


93.5 ± 10.5 


280.0 ± 10,0* 


8.6 ±0.4"^* 


520 ±20^^ 


346 ±9 


SCE + CPA 


6 


80.0 ± 6,8 


249,8 ± 5.9 


8.0 ±0.3* 


390 ±45* 


343 ±40 


CPA + SCE 


6 


80.2 ± 7.0 


238.0 ± 7.4 


7.5 ±0.3 


300 ±36 


317±40 


CAP=SCE 


6 


80,5 ± 10.0 


243.0 ± 10.0 


7.6 ±0.4 


450 ±57* 


347 ± 27 



'Three-week-old chickens were injected intramuscularly with CPA (4 mg/chicken/day) for three consecutive days (referred to CPA) or 
orally administered SCE (500 mg/kg/day) for three consecutive days (SCE). Before or afier the treatment with CPA, chickens were orally 
administered SCE (SCE + CPA and CPA+SCE. respectively). The group referred to CAP = SCE was chickens that received cotreatment with 
CPA and SCE at the same day in the same manner. AU data except for body weight show values (mean ± S.E.M.) measured at the age of 6 
weeks. 

*/'< 0.05, when compared to control 
**P< 0.01, when compared to control 
*i'<0.05, when compared to CPA, 
0.01, when con^ared to CPA. 
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Table 2 



The effects of SCE on body weight, the gain in body weight and the relative weight of bursa and spleen in 6-week-old chickens injected 
intramuscularly with CPA (5 mg/day) for four consecutive days at 3 weeks of age (Experiment 2)° 



Group 


Number 


Body weight 

At 3-week-old (g) 


At 6-week-old (g) 


Gain in body 
weight (g) 


Bursal weight (mg/ 
100 g body weight) 


Spleen weight (mg/ 
100 g body weight) 


Control 


6 


99.6 ± 15.7 


245.5 ±29.1 


7.0 + 0.9 


466.0 ±06 


244.1 ±31.4 


CPA 


7 


85.0 ± 10.4 


225,2+10.7 


6.5 + 0.7 


96.3+11.0** 


205.3 ± 5.9 


SCE 


7 


96.5 ± 10.3 


255.5 + 1.9* 


7.6 ± 0.4 


502.5 ± 12.2*-^^ 


297.3 ± 15.9** 


SCE + CPA 


7 


98.3 ± 15.9 


246.0 ± 14.5 


7.0 + 0.7 


167.7 + 49.4* 


250.5 + 50.7 


CPA + SCE 


7 


94.5 ± 9.8 


237.0 ±3.8 


6.8 + 0.4 


146.8 ±33.0 


275.6 ± 43.7 


CAP- SCE 


.7 


94.5 ± 18.0 


245.0 ±25,1 


7,0 + 0.8 


169.0 ±22.9** 


235.5 ± 5.9* 



° Threerweek-old chickens were injected intramuscularly with CPA (5 mg/chicken/day) for four consecutive days (referred to CPA) or orally 
administered SCE (500 mg/kg/day) for three consecutive days (SCE). Before or after the treatment with CPA, chickens, were orally administered 
SCE (SCE + CPA and CPA + SCE, respectively). The group referred to CAP = SCE was chickens received measured at the age of 6 weeks. 

*/'<0,05, when compared to control, 

**/*<0.01, when compared to control. 

* P<0.05, when compared to CPA. 

** P<0.01, when compared to CPA. 



and 2, respectively. Chickens orally administered 
SCE showed higher body weight, body weight 
gain/day and relative weight of the bursa than 
untreated control chickens, when evaluated at 6 
weeks of age. Chickens treated with QPA at the total 



doses of 12 or 20 mg showed a significant decrease 
in body weight, body weight gain/day and relative 
weight of the bursa and spleen, when compared to 
control chickens (P<0.05). Each value in chickens 
treated with 20 mg of CPA was lower than that in 



Table 3 

The effects of SCE on antibody responses to SRBC and BA in 6-week-old chickens injected intramuscularly with CPA (4 mg/day) for three 
consecutive days at 3 weeks of age (Experiment 1)" 



Group 


SRBC 








BA 










Piist response 




Second response 


First response 




Second response 




Responders/ 


Titer 


Responders/ 


Titer 


Titer Responders/ 


Titer 


Responders/ 


Titer 




total number 




total number 




total number . 




total number 




Control 


5/5 


9.0 ±0.4 


.5/5 


9.4 ± 0.2 


5/5 


6.6 ± i.l 


5/5 


11.2 ±0.5 




(4/5 


2.4 ±0,8)** 


(5/5 


5.0 ±0.3) 


(0/5 


0) 


(2/5 


1.4 ±0.9) 


CPA 


6/6 


7.0 ±0.6* 


6/6 


8.1 ±0.3* 


3/6 


3.0±1.1* 


6/6 


12.3 ±0.2 




(3/6 


1.0 ±0.4)* 


(6/6 


4.2 ± 0.4) 


(0/6 


0) 


(0/6 


0) 


SCE 


6/6 


11.1 ±0.4** 


6/6 


11.7 ±0.2**-** 


6/6 


8.7 ± 0.3*^ 


6/6 


15.7 ±0.2** 




(6/6 


4,0 ±0.2)** 


(6/6 


8.2 ±0.3)**^** 


(0/6 


0) 


(5/6 


3.2 ± 0.7)*'* 


SCE + CPA 


6/6 


9.3 ±0.0** 


6/6 


9.8 ±0.2** 


6/6 


7.7 ±0.8** 


6/6 


13.0 ±0.2* 




(6/6 


2.7 ± 0.2)** 


(6/6 


5.8 ± 0.3)** 


(0/6 


0) 


(4/6 


2.2 ±0.8)* 


CPA+SCE 


6/6 


7.5 ± 0.0 


6/6 


10.3 ± 0.2** 


6/6 


5.0 ±0.7** 


6/6 


10.5 ± 0.3 




(5/6 


2.3 ± 0.0) 


(6/6 


6.3 ± 0.4)*^** 


(0/6 


0) 


(0/6 


0) 


CAP=SCE 


6/6 


9.8 ±0.0* 


6/6 


8.4 + 0.3 


6/6 


3.6 ±0.6 


6/6 


9.2 ±0.2 




(5/6 


2.3 ± 0.2) 


(6/6 


4;7±0.3) 


(0/6 


0) 


(1/6 


0.3 ±0.3) 



* Three-week-old chickens of all groups treated with CPA (total dose, 1 2 mg) or SCE (500 mg/kg/day) were immunized intravenously with 
SRBC and BA at 4 and 5 weeks of age. Agglutinin to both antigens in sera taken 7 days after each immunization was evaluated All values 
represent mean ± S.E.M. of loga titers. 

^ The parentheses show 2-ME resistant titers. 

*P< 0.05, when compared to control 

**P<0.01, when compared to control. 

*P< 0.05, when compared to CPA. 

**i'<0.01, when compared to CPA. 
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chickens treated with 12 mg of CPA, suggesting their 
more sever situation. In addition, all chicken groups 
of SCE + CPA, CPA + SCE .and CPA=SCE were 
higher in any parameters of body weight, gain in 
body weight/day and relative weight of the bursa and 
spleen than chickens treated with CPA alone. 

3.2. Immune responses to SRBC and BA 

Immune responses to SRBC and BA in Experi- 
ments 1 and 2 are shown in Tables 3 and 4. The 
antibody titers significantly increased in the first and 
second responses to both antigens in chickens orally 
administered SCE, when compared to those of 
control chickens (P<0.05). Negligible or low anti- 
body responses to both antigens were shown in 
CPA-treated chickens. The magnitude of the anti- 
body responses in chickens treated with 20 mg of 
CPA was lower than that of chickens treated with 12 
mg of CPA, suggesting a dose-dependent immuno- 
suppression of B cell-dependent immune system. 
Chickens in the SCE + CPA groups revealed signif- 



icantly higher antibody responses against both anti- 
gens than chickens injected with CPA alone. In 
addition, cotreatment of SCE and CPA resulted in 
an increase in both numbers and titers of responding 
chickens producing 2-ME resistant antibodies to 
SRBC and BA in the first and second responses 
(Tables 2 and 3). 

3.3. Histology of the bursa 

The bursa of chickens treated with CPA alone 
revealed only rudimentary follicles with very few, if 
any, lymphoid cells, no demarcation between cortex 
and medulla and enormous proliferation of interfol- 
licular connective tissue (Figs. IB and 2B). Chickens 
administered SCE showed the typical bursa with well- 
constituted follicles (Figs. IC and 2C). The bursal 
follicles of chicken groups injected with CPA for three 
or four, consecutive days and then administered SCE . 
were well reconstituted by lymphoid cells and larger 
(Figs. IE and 2E), when compared to those of groups 
treated with CPA alone. The bursa of SCE + CPA 



Table 4 

The effects of SCE on antibody responses to SRBC and BA in 6-week-old chickens injected intramuscularly with CPA (5 mg/day) for four 
consecutive days at 3 weeks of age (Experiment 2)" 



Group 


SRBC 








BA 










First response 




Second response 


First response 




Second response 




Responders/ 


Titer 


Responders/ 


Titer 


Titer Responders/ 


Titer 


Responders/ 


Titer 




total number. 




total number 




total number 




total number 




Control 


6/6 


10.5 ± 0.6 


6/6 


10.610.6 


6/6 


6,0 ±2.0 


6/6 


8.6 ±0.6 




(6/6 


3.0 ±0.5)^ 


(6/6 


5.3 ± 0.3)* 


(0/6 


0) 


(2/6 


1,3 ±0.6) 


CPA 


7/7 


5.8 ± 0.3** 


7/7 


8.6 ± 0.8* 


0/7 


0** 


4/7 


5.0 ± 1.4 




(0/7 


o)tt 


(4/7 


2.8 ± 07) 


(0/7 


0) 


(0/7 


0) 


SCE 


7/7 


12.5 ±0.2*-^* 


7/7- 


13.0 ±0.0**-** 


7/7 


8.5 ± 0.2** 


7/7 


8.8 + 0.4* 




(7/7 


3.3 + 0.2)^ 


(7/7 


6.8 ± 0.2)**-** 


(0/7 


0) 


(7/7 


3.3 ±0.6) 


SCE+CPA 


7/7 


10.7 ±0.8^^ 


7/7 


12.3 ± 0.3*-* 


7/7 


3.7 ± 1.2** 


7/7 


8.6 ±0.8 




un 


2.0 ±0.0) 


(7/7 


4.3 ± 0.3)** 


(0/7 


0) 


(7/7 


2.0 ±0.0) 


CPA + SCE 


7/7 


9.8 ± 0.5** 


7/7 


11.0 ± 1.0 


7/7 


3.8+1.1** 


7/7 


8.6 ± 1,4 




(4/7 


1.8 ± 1.2) 


(7/7 


3.7 ± 0.6) 


(0/7 


0) 


(7/7 


2.0 ± 0.5) 


CAP=SCE 


in 


9.8 ± 0.9** 


7/7 


9.8+1.4 


4/7 


0.5 + 0.2 


7/7 


5.0 ±1.4 




(7/7 


2.3 ± 0.4** 


(7/7 


3.3 ± 0.6) 


(0/7 


0) 


(2/7 . 


0,3 ±0.2) 



"* Three-week-old chickens of all groups treated widi CPA 
SRBC and BA at 4 and 5 weeks of age. Agglutinin responses 
vahies represent mean ± S.E.M, of log2 titers. 

** The parentheses show 2-ME resistant titers. 

*/*<0.05, when compared to control. 

**P<0.0], when compared to control. 

* P<0.05. when compared to CPA, 

** P<0.01, when compared to CPA. 



(total dose, 20 mg) or SCE (500 mg/kg/day) were immunized intravenously with 
to both antigens in sera takoi 7 days aRer each immimization were eA^uated. All 
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Fig. 1. Reconstituting effects of SGE on tbe bursal structure in 6-week-old chickens treated with CPA (12 mg) at 3 weeks of age. (A) Control 
(B) CPA, (C) SCE, (D) SCE+CPA, (E) CPA + SCE and (F) CPA=SCE (HE-stain, magnification x 100). 




Fig. 2. Reconstituting effects of SCE on the bursal structure in 6-week-old diickens treated with CPA (20 mg) at 3 weeks of age (A) Control 

(B) CPA, (C) SCE. (D) SCE + CPA, (E) CPA + SCE and (F) CPA= SCE (HE-stain, magnification x 1 00). i 
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(Figs. ID 'and 2D) and CPA=SCE groups (Figs. IF 
and 2F) also showed a histologically well-reconsti- 
tuted bursa with improved follicular structure and 
decreased interfollicular fibrosis, when compared with 
chickens treated with CPA alone. 



4, Discussion 

The results of the present study can be summa- 
rized as follows. (1) Severe immunosuppression was 
demonstrated in CPA-treated chickens as shown in a 
decreased body weight, gain in body weight/day, 
bursal weights, immune responses to SRBC and BA 
and histologically degenerative alterations of the 
bursa associated with a depletion of lymphoid cells 
and atrophy. (2) Cotreatment with SCE and CPA 
resulted in functional and morphological reconstitu- 
tipn of the bursa-dependent lymphoid system. The 
total doses (12 and 20 nig/chicken) of CPA used 
were determined to cause cheniical bursectomy in 
newly hatched chickens [12,13,16] and marked re- 
duction in body weight and bursal weight at 3 
weeks of age [11]. It has been reported that the 
treatment of chickens with CPA resulted in a sig- 
nificant decrease in body weight and bursal weights 
[12,13,16,18]. B lymphocytes severely decreased or 
disappeared in lymphoid organs such as the bursa, 
spleen and cecal tonsil of CPA-treated chickens [10]. 
Oral administration of SCE improved the body 
weight, gain in body weight and the relative weight 
of the bursa in CPA-treated chickens, suggesting that 
SCE has reconstituting effects on the lymphoid 
system. Chicken peripheral blood polymorphonucle- 
ar cells cultured with SCE showed an increase in 
their phagocytosis, suggesting the direct effects of 
SCE on leukocytes. An increase in the relative 
proportion of CD4+ cells in peripheral blood lym- 
phocytes and plaque-forming cell responses of sple- 
nocytes of chickens orally administered SCE (data 
not shown), and improvement in antibody, responses 
to SRBC and BA and relative weights of the bursa 
in CPA-treated chickens suggested indirect effects of 
SCE on the immune system. 

Reynolds and Maraqa [18] also reported the im- 
munosuppressive effects induced by injection of CPA 
resulted in a severe lymphoid depletion of B cells in 
peripheral blood lymphocytes of CPA-treated birds. 



retarded body weight and no production of antibodies 
specific for Newcastle disease virus in chickens. In the 
present study, the decreased immune responses to 
SRBC and BA in CPA-treated chickens were im- 
proved by coadministration of SCE. The enhancing 
effect of SCE was revealed, in particular when eval- 
uated in both numbers and titers of responding chick- 
ens producing 2-ME resistant antibodies to SRBC and 
BA. The improving effects of SCE on immunosup- 
pression in CPA-treated chickens may be due to the 
recovery of the bursa-dependent lymphoid system and 
stimulation of immunocompetent B cells for morpho- 
logical reconstitution of the bursa of CPA-treated 
chickens. 

CPA-treated chickens showed a morphologically 
degenerative alteration including the atrophied bursa 
with undeveloped follicles. It has been reported that 
CPA-treated neonatal chickens have a virtual deple- 
tion of lymphoid . cells in the bursa of Fabricius, 
decreased thymic cortical cells and absence of lym- 
phoid cells and plasma cells in the spleen [19]. 
Chickens injected with CPA and irradiated with X- 
ray completely suppressed antibody responses, im- 
munoglobulin production and formation of bursal 
follicles and splenic germinal centers [13]. Trans- 
plantation of bursal cells intp chickens immunolog- 
ically suppressed by CPA-treatment restored the 
suppressed humoral inmiune system in both function 
and structure. The improvement of humoral immune 
responses and reconstitution of bursal follicles in 
CPA-treated chickens were obtained by coadminis- 
tration of SCE. The mechanisms by which SCE are 
involved in the improvement of CPA-induced im- 
munosuppression remain open. One possible mech- 
anism is that administration of SCE into the crop of 
chickens induces compensatory proliferation or re- 
generation of lymphocytic progenitors and immuno- 
competent B cells suppressed by CPA. 

Taken together, SCE is suggested to have im- 
proving and alleviating effects on CPA-associated, 
immunosuppression. 
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Table 1 

The efFects of SCE on body weight, the gain in body weight and the relative weight of bursa and spleen in 6-week-old chickens injected 
intramuscularly with CPA (4 mg/day) for three consecutive days at 3 weeks of age (Experiment 1)" 



Group 


Number 


Body weight 

At 3-week-old (g) 


At 6-week-oId (g) 


Gain in body 
weight (g) 


Bursal weight (mg/ 
100 g body weight) . 


Spleen weight (mg/ 
1 00 g body weight) 


Control 


5 


79.0±6.5 


342.815.4 


7.610.3 


446126 


293+52 


CPA 


6 


93.5110.8 


233.013.8 


6.510.5 


273114** 


280+34 


SCE 


6 


93.5110,5 


280.0110.0* 


8.610.4*^* 


520120"-** 


3461 9 


SCE+CPA 


6 


80.0+6.8 


249.815-9 


8.010.3* 


390145* 


343140 


CPA+SCE 


6 


80.217.0 


238.017.4 


7.510.3 


300136 


317+40 


CPA=SCE 


6 


80.5110.0 


243.0110.0 


7.6+0.4 


450157* 


347127 



" Three-week-old chickens were injected intramuscularly with CPA (4 mg/chicken/day) for three consecutive days (referred to CPA) or 
orally administered SCE (500 mg/kg/ttey) for three consecutive days (SCE). Before or after die treatment with CPA, chickens were orally 
administered SCE (SCE+CPA and CPA+SCE, respectively). The group referred to CPA=^SCE was chickens that received cotreatraent with CPA 
and SCE at the same day in the same manner. All data except for body weight show values (meaniSIEM.) measured at the age of 6 weeks. 

* /*<0.05, when compared to control. 
** /'<0.01, when compared to control. 

* F<0.05, when compared to CPA, 



Table 2 

The effects of SCE on body weight, the gain in body weight and die relative weight of bursa and spleen in 6-week-oId chickens injected 
intramusculariy widi CPA (5 mg/day) for four consecutive days at 3 weeks of age (Experiment 2)' 



Group 


Number 


Body weight 

At 3-week-old (g) 


At 6-week-old (g) 


Gain in body 
weight (g) 


Bursal weight (mg/ 
100 g body weight) 


Spleen weight (mg/ 
100 g body weight) 


Control 


6 


99.6+15.7 


245.5+29.1 


7.010.9 


466.0106 


244.1131.4 


CPA 


7 


85.0110.4 


225.2110.7 


6.510.7 


96.3111.0** 


205.315.9 


SCE 


7 


96.5110,3 


255.511.9* 


7.610.4 


502.5112.2*-** 


297.3115.9** 


SCE+CPA 


7 


98J1I5.9 


246.0114.5 


7.010.7 


167.7+49.4* 


250.5150.7 


CPA+SCE 


7 


94.5+9.8 


237.013.8 


6.8+0.4 


146.8133.0 


275.6143.7 


CPA=SCE 


7 


94.5+18.0 


245.0+25.1 


7.010.8 


169.0122.9"-** 


235.5+5.9* 



' Three-week-old chickens were injected intramuscularly with CPA (5 mg/chicken/day) for four consecutive days (referred to CPA) or 
orally administered SCE (500 mg/kg/day) for dirce consecutive days (SCE). Before or after die treatment widi CPA, chickens were orally 
administered SCE (SCE+CPA and CPA+SCE, respectively). The group referred to CPA=SCE was chickens njceived measured at die age of 6 
weeks. 



* PO.05, vbai compared to control. 
** /*<0.01, when compared to control * 

* PO.05, w*en compared to CPA. 
** P<O.OU when compared to CPA. 
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Tables 

The effects of SCE on amibody responses to SRBC and BA in 6-week-old chickens injected intramuscularty with CPA (4 mg/day) for three 
consecutive days at 3 weeks of age (Experiment I )' 



Group 



SRBC 



BA 



Firet response 



Responders/ Titer 
total ntimber 



Second reponse 



Responders/ Titer 
total number 



First response 



Titer Responders/ Titer 
total number 



Second response 



Responders/ Titer 
total number 



Control 


5/5 


9.0±0.4 


5/5 


9.4±0.2 


5/5 . 




(4/5 


2.410.8)** 


(5/5 


5.010.3) 


(0/5 


CPA 


6/6 


7.0±0.6* 


6/6 


8.110.3* 


3/6 




(3/6 


l.0±0.4)* 


(6/6 


4.210.4) 


(0/6 


SCE 


6/6 


1!.I±0.4»* 


6/6 


11.710.2**'" 


6/6 




(6/6 


4.0+0.2)" 


(6/6 


' 8.210.3)**'" 


(0/6 


SCE+CPA 


6/6 . 


9.3+0.0" 


6/6 


9.810.2" 


6/6 




(6/6 


2.7 ±0.21" 


(6/6 


5.810.3)" 


(0/6 


CPA + SCE 


6/6 


7.5±0.0 


6/6 


10.310.2" 


6/6 




(5/6 


2.3+0.0) 


(6/6 


6.310.4)"" 


(0/6 


CPA=SCE 


6/6 


9.810.0* 


6/6 


8.410.3 


6/6 




(5/6 


2.3+0.2) 


(6/6 


4.710.3) 


(0/6 



6.611.1 5/5 

0) (2/5 

3.011.1* 6/6 

0) (0/6 

8.710.3" 6/6 

0) (5/6 

7.710.8" 6/6 

0) (4/6 

0.010.7" 6/6 

0) (0/6 

5.6+0.6 6/6 

0) (1/6 



11.210.5 
1.410.9) 

12.3+0.2 
0) 

15.710.2" 

3.210.7) *-* 
13.010.2* 

2.210.8) * 
10.510.3 

0) 

92+0.2 
0.310.3) 



" Three-week-old chickens of all groups treated with CPA (total dose, 1 2 mg) or SCE (500 mg/kg/day) were immunized intravenously with 
SRBC and BA at 4 and 5 weeks of age. Agglutinin to both antigens in sera taken 7 days after each immunization was evaluated. AU values 
r^resent meanlS.E.M. of log^ titeis, 

•* The parentheses show 2-ME resistant titeis. 

* P<0.05, when compared to control. 
** P<0.01, when compared to control. 

* /*<0.05, when compared to CPA, 
" P<O.0\, when compared to CPA. 
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Table 4 

The effects of SCE on antibody responses to SRBC and BA in 6-week-old chickens injected intramuscularly with CPA (5 mg/day) for four 
consecutive days at 3 weeks of age (Experiment 2)° 



Group 


SRBC 








BA 










First response 




Second rcponse 


First response 




Second rEsponse 




Responders/ 


Titer 


Responders/ 


Titer 


nter Responders/ 


Titer 


Responders/ 


Titer 




total number 




total number 




total number 




total number 




Control 


6/6 


10.510.6 


6/6 


10.610.6 


6/6 


6.012.0 


6/6 


8.610,6 




(6/6 


a.o+o.sf 


(6/6 


5.310-3)* 


(0/6 


0) 


{2/6 


1. 3+0^6) 


CPA 


7/7 


5.8 ±0.3** 


7/7 


8.610.8* 


0/7 


0** 


4/7 


5.011.4 




(0/7 




(4/7 


2.810.7) 


(0/7 


0) 


(0/7 


0) 


SCE 


7/7 


12.5±0.2*-» 


7/7 


13-010.0**** 


7/7 


8.5+0.2** 


7/7 


8.810.4* 




(7/7 


3.310.2)** 


(7/7 


6.810.2)**-** 


(0/7 


0) 


(7/7 


3.310.6) 


SCE+CPA 


7/7 


10.7+0.8** 


7/7 


12.310-3*'* 


7/7 


3.711-2** 


7/7 


8.610.8 




i7n 


2.010.0) 


(7/7- 


4.3+0.3)** 


(0/7 


0) 


(7/7 


2.010.0) 


CPA + SCE. 


7/7 


9.810.5** 


7/7 


11.011.0 


7/7 


3.811.1** 


.7/7 


8.611.4 




(4/7 


1.811.2) 


(7/7 


3.710.6) 


(0/7 


0) 


(7/7 


2.010.5) 


CPA=SCE 


7/7 


9.810.9** 


7/7 


9-811.4 


4/7 


0-510.2 


7/7 


5.011.4 




(7/7 


2.310.4)** 


(7/7 


3.310.6) 


(0/7 


0) 


(2/7 


0.3+0.2) 



. ■ ■nutfr-week-old chickens of aU groups treated with CPA (total dose, 20 mg) or SCE (500 mgflcg/day) were immunized intravenously with 
SRBC and BA at 4 and 5 weeks of age. Agglutinin responses to both antigens in sera taken 7 days after each immunization were evaluated. All 
values represent mcan+S.E.M. of log2 titers. 

The parentheses show 2-ME resistant titers. 

* i*<0.05, when compared to control. 
** /*O.01, when compared to control. 

* i><0.05, when compared to CPA. 
** /'O.Ol, when conipared to CPA. 
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Abstract 

The present study was undertaken to evaluate the effect of sugar cane {Sacchaiiim qfficinanmi L.) extract (SCE) on the 
immune system of X-ray immunosuppressed chickens. SCE (500 mg/kg/day) was administrated into the crop of 3-week-old 
chickens for three consecutive days before or after irradiation. The results indicated that administration of SCE before or after 
whole body X-ray irradiation enhanced both primary and secondary immune responses in chickens immunized with sheep red 
blood cells and Bi-ucella abortus (BA) as well as cell-mediated immunity measured by delayed type hypersensitivity to human 
7-globulin. 

© 2003 Elsevier B.V. All rights reserved. 

Keywords: Chicken; Immunostimulation; X-ray radiation; Sugar cane extract 



1. Introduction 

Immune dysfunction is one of the deleterious 
manifestations of radiation and many drugs, which 
render the animals more susceptible to opportunistic 
infections. Restoration of normal physiological mi- 
lieu and generalized increase in resistance against 
infections in such immunocompromised hosts seems 
paramount. Natural origin extracts, which have 
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immunopotentiating effects, are promising candidates 
in such circumstances. Many extracts have proved to 
enhance the immune system in normal and/or im- 
munocompromised hosts. Mistletoe extract enhanced 
the cellular and humoral adjuvant activity in mice [1] 
and stimulated maturation of dendritic cells in vitro 
[2]. Datta et al. [3] reported that herbal protein, CM, 
isolated from the leaves of Cajanus indicus erihanced 
the humoral immune and delayed type hypersensi- 
tivity (DTH) responses in mice. Background and the 
humoral immune response to ovalbumin increased in 
unprimed and primed mice treated with aqueous 
extract of Epimedii Herba [4]. In addition, powdered 
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extract from Echinacea dngustifoUa (Echinacea ex- 
tract) had stimulated immunocompetence of horses 
[5]. Flavonoid glycosides from Urtica dioica L. 
showed enhanced chemotactic and intracellular kill- 
ing activities of neutrophils in vitro [6]. Ginseng 
extract proved an adjuvant effect on the immune 
responses to Staphylococcus aureus in dairy cattle 
[7] and to porcine parvovirus and Eiysipelothhx 
rhusiopathiae in pigs [8]. Moreover, some algal- 
based extracts showed similar stimulating activities. 
Chlorella vulgaris extract enhanced resistance of 
mice to infection with Listeria monocytogenes 
through augmentation of cytokine profiles [9]. Ergo- 
san preparation, based on algal Laminaria digitata 
extract, had immunostimulating effects in rainbow 
trout [10]. 

Sugar cane extract (SCE), one of natural 
byproducts of sugar cane industry, has been proved 
to have immunostimulating and adjuvant effects in 
normal chickens [11,12] and a reconstituting effect 
on the immune system in cyclophosphamide-treated 
chickens [13]. Furthermore, the SCE showed anti- 
coccidial properties in chickens [14]^ Due to the 
reported range of immunostimulating activities of 
SCE, the present study has been undertaken to 
evaluate the effects of oral administration of SCE 
on immune functions in sublethally X-ray irradiated 
chickens. 



2. Materials and methods 

2.1. SCE administration 

SCE was kindly provided by Shin Mitsui Sugar, 
Tokyo, Japan. Original materials including cane 
sugar juice produced from sugar cane {Saccharum 
officinarum L.) in the raw sugar manufacturing 
process were subjected to the preparation of SCE. 
Dried SCE finally prepared by synthetic adsorbent 
chromatography and cation exchange column chro- 
matography consisted of crude protein (16.9%), 
crude fat (0.5%) ash (36.1%) and nitrogen-free 
extracts (46.5%). The original concentration (100 
mg/ml) of SCE was prepared in 0.1 M phosphate- 
buffered saline (PBS) (Nissui pharmaceutical, 
Tokyo, Japan) and inoculated into the crop of 
chickens at the dose of 500 mg^g/day for three 



consecutive days with a round bottom type Koma- 
gome™ pipette (Iwaki Glass, Tokyo, Japan). 
Chickens orally administered PBS instead of SCE 
in the same manner were subjected to a control 
group. 

2.2. Experimental groups 

Inbred chickens (MHC; H.B15), maintained at 
the National Institute of Animal Health (NIAH), 
Tsukuba, Japan, were used in this study. The 
present study including the treatment .of chickens 
is followed to the Guidelines for Animal Experi- 
ments of NIAH Japan. Thirty-five, 3-week-old 
chickens of both sexes were matched for weight 
and divided into five groups: control group with- 
out any treatment (referred to as control), SCE 
administered group (SCE), X-ray irradiated group 
(600 R), SCE before inadiation (SCE + 600 R) and 
SCE after inradiation (600 R + SCE). 

2. J. Irradiation 

Whole body irradiation was achieved through 
150-kV X-ray machine (MBR-1520R; Hitachi 
Medical, Tokyo, Japan) using 0.2 mm Cu and 
0.5 mm AI as added filters, 15 mA as current 
and target distance 52 cm. The chickens were 
irradiated in Perspex, well-ventilated chamber cen- 
tered on the rotating base of the machine. The 
dose rate was 1 00 rad/min at the total dose of 600 
rad. 

2.4, Immunization and determination of antibody 
titers 

Each chicken was immunized intravenously with 
0.1 ml of mixed antigens containing heat-inacti- 
vated Brucella abortus (BA; 1x10^ cells) and 
sheep fed blood cells (SRBC; 5x 10^ cells) [15] 
at 3 and 4 weeks of age. Agglutinin titers against 
SRBC and BA were determined in sera taken at 7 
days after each immunization. The sera were also 
treated with 0.2 M 2-mercaptoetanol (ME) to 
evaluate 2-ME resistant agglutinin titers. Agglutinin 
titers were expressed as the mean log2 of the 
reciprocal of the highest dilution giving 50% 
agglutination. . 
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2.5. Delayed type hypersensitivity (DTH) response 

One week after the second immunization, each 
chicken was sensitized with 1 ml of human 7 
globulin (H-yG; 400 \ig/m\) emulsified with com- 
plete Freund's adjuvant. Two weeks later, chickens 
were challenged intradermally in the right wattle 
with 0.1 ml of saline solution of H7G (400 Mg/ml) 
and the left wattle with 0.1 ml of saline [16]. The 
thickness of the wattles was measured with a 
Vernier caliper at 24, 48 and 72 h after challenge. 
The net increase in the thickness was expressed in 
millimeter. 

2.6, Relative lymphoid organ weight 

After measuring DTH responses at 7 weeks of 
age, the body weight of chickens in all experimen- 
tal groups was determined, and then the birds were 
euthanized by ether. The thymus, spleen and bursa 
were excised free from adhering tissues and 
weighed individually. The relative lymphoid organ 



weights were calculated according to the following 
equation: 

Relative lymphoid organ weight 

_ Q^gs" weight (g) 
body weight (g) 

2, 7. Statistical analysis 

Kruskal-Wallis/Mann- Whitney U-ttsi was used 
for analyzing the data. P<0.05 was considered to be 
statistically significant All data were expressed as 
mean ± standard error (S.E.). 



3. Results 

3.1. Agglutinin responses 

The results concerning agglutinin titers against 
SRBC and BA are summarized in Table 1. Whole 



' Table 1 

Effect of SCE on antibody responses to SRBC and BA in X-ray irradiated chickens 



Group 


Immune responses" 
















SRBC 








BA 










First response 




Second response 


First response 


Second response 




No. of 


Titer 


No. of 


Titer 


No. of 


Titer 


No. of 


Titer 




responders 




responders 




responders 




responders 




Control 


7/7 


10.5 + 0.1 


7/7 


10.2 + 0.1 


7/7 


4,7 ±0.2 


7/7 


6.4 ±0.1 


SCE 


m 


(5-4 ± 0.2f 


7/7 


(4.6 + 0.2) 


1/7 


(0.3 ±0.1) 


2/7 


(0.6 ± 0.2) 


7/7 


12.2 + 0.1* 


7/7 


11.4 ±0.2* 


7/7 


6.4 ± 0.2 


7/7 


8.0 ± 0.2 


600 R 


in 


(5.1 ±0,1) 


7/7 


(4.9 + 0.4) 


0/7 


(0.0) 


7/7 


(1.9 ±0.2)* 


7/7 


8.9 + 0.1* 


7/7 


9.4±0.l* 


5/7 


0.7 ±0.1* 


7/7 


6.6 ±0-1 


SCE + 600 R 


7/7 


(3.6 ±0.1)* 


7/7 


(3.7 + 0.3) 


0/7 


(0.0) 


0/7 


(0.0) 


7/7 


9.1 ±0.1* 


7/7 


10.6 ±0.2 


7/7 


4.1 ±0.3** 


7/7 


7-9 ±0.1*,** 


600 R+ SCE 


111 


(2.4 ± 0.2)* 


7/7 


(6.1 ±0.3)** 


0/7 


(0.0) 


3/7 


(0.7 ± 0-2) 


in 


9.1 ±0.1* 


7/7 


10.4 ±0.1** 


7/7 


5.6 ±0.1** 


7/7 


8.1 ±0.1*,** 




7/7 


"(2.4 + 0.I)*,** 


in 


(6.1+0.3)** 


0/7 


(0-0) 


2/7 


(0.4 ±0-1) 



Three-week^Id chickens were administered SCE at a dose of 500 mgflcg/day for three consecutive days. After the last administration the 
chickens were irradiated and immunized with 0.1 ml of SRBC and BA two times at 1-week interval. Agglutinin titers against SRBC and BA 
were evaluated in sera taken at 7 days after each immunization. The sera were also treated with 0.2 M 2-mercaptoetanol (ME) to evaluate 2-ME 
resistant agglutinin titers- Agglutinin titers were expressed as the mean log2.of the reciprt>cal of the highest dilution giving 50% agglutination. 

' Mean ± S.E. of log^ of the reciprocal antibody titer, 

'' The parentheses show 2-ME resistant titers, 

*P< 0.05, when compared to control. 

♦*/'<0.05, when compared to irradiated group. 
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Fig. 1. Effects of SCE on DTH responses to human 7 globulin in chickens. Three-week-old chickens were administered SCE at a dose of 500 
mg/kg/day for three consecutive days. At 5 weeks of age, chickens were sensitized with I ml of H7G emulsified in complete Freund's adjuvant. 
Chickens were challenged by injection of 0.1 ml of saline solution of H7G in the right wattle, left wattle was injected with tiie same volume of 
saline. Net increase in the thickness of the wattle' was determined at 24, 48 and 72 h after challenge. Values represent mean ± S.E. */j<0.05, 
when compared to control group and **/>^0-.05, when compared to 600 R group. 




Fig. 2. Effects of SCE on the body weight of chickens. Three-week-old chickens were administered SCE at a dose of 500 mg/kg/day for three 
consecutive days. Body weight was measured at 3, 4, and 5 weeks of age. Values represent mean + S.E. *p<0.Q5, when compared to control 
group. 
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body X-ray irradiation resulted in profound inhibition 
of the fn-st immune response to BA and less pro- 
nounced decrease in the response to SRBC. SCE 
administration resulted in significantly enhanced total 
antibody titers in the first and second responses to 
both antigens. Although the anti-SRBC primary 
responses in SCE + 600 R and 600 R + SCE groups 
were higher than those of 600 R group, the magni- 
tude of the agglutinin titers in both groups was less 
than that of untreated controls. Noteworthy, the 
response to BA was normalized in the groups of 
SCE + 600 R and 600 R + SCE and even showed a 
significant increase when compared to those of 
control and 600 R chickens in the second response. 
Interestingly, 2-ME resistant titers to SRBC in those 
chickens fluctuated between the apparent decrement 
and increment in the first and second responses, 
respectively. 



ens at 72 h after challenge, and normalized the 
response of irradiated chickens to the levels of un- 
treated control, 

J.i. Body weight 

The body weight declined in all irradiated groups 
at a week after irradiation and normalized at the 
second week. SCE group showed a significant in- 
crease at first and second weeks after SCE adminis- 
tration, when compared to control group (Fig. 2). 

3 J. Relative lymphoid organ weight 

No significant differences in the relative lymphoid 
weight of the thymus, spleen and bursa between 
different groups were shown (Fig. 3). 



3.2. DTH responses 

As shown in Fig. 1, 600 rad X-ray whole body 
irradiation in chickens resulted in significantly sup- 
pressed DTH responses to SCE administration 
resulted in sustained responses of unirradiated chick- 



4. Discussion 

The results of the present study showed that 
chickens exposed to 600 rad whole-body X-radiation 
had highly impaired primary responses to a T- inde- 
pendent antigen such as BA but considerable 



0.6 



0.5 - 



0.4 



EP 0.3 



pd 0.2 



0.1 



0.0 



I 



Thymus 



— Control 
IZZ3SCE 

^^SCE + 600R 
CZI 600 R+SCE 



Splw 



Bxirsa 



Fig. 3. Effects of SCE on the relative lymphoid organ weight of chickens. TTiree- week-old chickens were administered SCE at a dose of 500 mg/ 
kg/day for three consecutive days. The thymus, spleen and bursa were excised free from adhering tissues and weighted individually. Values 
represent mean ± S.E. 
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responses to a T-cell dependent antigen such as 
SRBC. These results may be attributed to the differ- 
ence in radiosensitivity among B-cell subpopulations, 
at least from the functional point of view. Although 
there is little information concerning the effects of 
sublethal irradiation on the immune responses of 
chickens to different antigens, selective immunosup- 
pression in mice to various antigens after radiation has 
been reported [17-18]. Noteworthy, chickens in 600 
R group showed almost normalized second immune 
responses, suggesting their recovery. On the other 
hand, they showed significant inhibition of DTH 
responses to H7G. A possible explanation of these 
results may be as follows. DTH is a T-cell-dependent 
response [19,20], which requires priming of a specific 
type of T cell (Tdh) upon sensitization (afferent limb) 
and efficient recruitment with release of mediators 
upon elicitation (efferent limb) [21]. On the other 
hand, DTH response is regulated by specific suppres- 
sor type of T cells (Ts) [21,22]. The hyporesponsive- 
ness of the DTH response in irradiated chickens may 
suggest a defect at any of these phases and/or over 
down regulation by suppressor cells [21]. In some 
circumstances, DTH responses can be inhibited with 
enhancement of antibody response [23]. 

Oral administration of SCE significantly enhanced 
the first and second immune responses to SRBC and 
BA, in addition to sustaining DTH responses to H7G. 
Furthermore, those chickens exhibited significantly 
increased body weight at 4 and 5 weeks of age, when 
compared with untreated controls. These results are in 
agreement with our previous results [11,12], which 
showed enhancing effects of SCE on humoral anti- 
body and DTH responses and body weight in chick- 
ens. Augmentation of humoral antibody responses by 
SCE may indicate to enhance the maturation of 
specific B cells, possibly as a consequence of stimu- 
lated proliferation and/or differentiation [1]. In addi- 
tion, chickens administered SCE showed enhanced 
and prolonged antibody responses to connimercially 
available Salmonella Enteritidis vaccine, showing 
adjuvant activity [11]. The adjuvant effect of SCE 
may be involved in the elevated synthesis of specific 
antibodies to SRBC ahd BA. Furthermore, the dem- 
onstrated effect of SCE on the promoting phagocytic 
activity of mononuclear and polymorphonuclear cells 
of chickens [12] may enhance the innate immunity 
and subsequently the host defense against opportunis- 



tic pathogens. Increased activities of phagocytes may 
enhance antigen processing and presentation and in 
turn, at least in part, augment the antibody responses 
[3,23]. Significantly increased body weight in SCE- 
ad ministered chickens compared to untreated control 
may reveal growth-promoting activities of the extract 
[12]. 

Oral administration of SCE before or after irradi- 
ation restored the immune competence of the chickens 
as shown in both for humoral antibody production and 
DTH responses. El-Abasy [13] indicated the effects of 
SCE on histological and functional reconstitution of 
the lymphoid system of cyclophosphamide-treated 
chickens. In the same theme, many natural extracts 
showed immunostimulating activities in immunocom- 
promised animals. Shamia and Ray [24] elucidated 
that septilin, a herbal preparation, enhanced primary 
and secondary responses in mice immunized with 
SRBC and inhibit the suppressive effect of predniso- 
lone when orally administered with the drug. Pule 
bark extract restored phagocytosis and the immune 
response to SRBC in mice suppressed by predniso- 
lone [25]. Immunosuppression due to old age or 
hydrocortisone treatment in mice overcame after ad- 
ministration of herbal preparation consisting from 
aqueous-ethanolic extract of mixed herbal preparation 
[26]. 

Although the exact mechanism(s) of the counter- 
acting effect of SCE on the radiation-induced sup- 
pression in chickens remains open, antioxidants, free 
radical-scavenging activities and cytokines involved 
in eel! proliferation and differentiation and haemato- 
poiesis might be involved in the possible mechanisms. 
Noteworthy, Harris and Sljivic [27] concluded that the 
effects of whole body X-ray-irradiation on the plaque 
forming cell response of spleen of mice were not 
directly on die process of antibody synthesis by cells 
but on some more radio-sensitive process, namely, 
DNA metabolism. The mechanism of an enhancing 
effect of SCE in irradiated chickens may involve 
either direct or indirect effects to protect and/or repair 
the radiation-induced injury. Taken together, the 
results of the present study suggest that SCE can 
augment the outcome of acquired immune responses 
such as antibody production and DTH both in normal 
and X-irradiated chickens. Further studies are required 
to elucidate the mechanism(s) by which SCE exerts 
such activities. 
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In summary, the present study showed the efficacy 
of SCE as one of inimunostimulants which can protect 
and/or recover from X-ray radiation induced immu- 
nosuppression in chickens. 
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Suppression of Salmonella Enteritidis Excretion in Chicks Fed 
on a Sugar Cane Extract 

Osamu Nakamura, Toshiaki Yamamoto, Masayuki Tagami, Takeo 
Mizutani 

Nippon Formula Feed Mfg Co. , Ltd and Shin Mitsui Sugar Co. , Ltd 
[Purpose] 

Food poisoning caused by Salmonella Enteritidis, abbreviated 
as SE, through chicken eggs is a globally major problem to the 
public health. We have focused on an immunity enhancing effect 
of a "sugar cane extract" and fed chicks on feed supplemented 
with a formulation containing 10 % of the ''''sugar cane extract", 
present formulation, and studied on an effect of suppressing 
SE excretion in chicks artificially challenged with SE. 

[Materials and Methods] 

Test 1 : Twentymale chicks of one-day age f romegg-laying chickens, 
four groups of each five chicks, were used as one section. The 
chicks in a test section were fed on feed supplemented with 0.05% 
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or 0 . 1 % of the present formulation, while the chicks in a control 
section were fed on feed without the present formulation until 
they became 47 days old. The chicks were challenged orally at 
the age of 5 days with 10 5 of SE per chick. Then they were subjected 
to abstinence from food and water for three days from the age 
of 44 days to put them in a stressed state. Cecum feces, at the 
age of 13, 27, and 34 days or contents of cecum at the age of 
4 0 and 47 days were used as a sample for detecting SE. The samples 
were precultured in buffered peptone water, subjected to 
selective enrichment in an HTT medium, and then spread on a DHL 
agar plate to confirm, based on the properties of the resulting 
black colonies, that they were colonies of SE. (When no SE was 
detected in a first selection culture, the sample was 
subsequently subjected to delayed secondary culture.) Test 2: 
In order to determine an effective concentration of the present 
formulation to be supplemented, the same test was performed as 
in the test 1 now with the 0.1%, 0.2%, and 0 . 5 % of concentrations . 

[Results and Discussions] 

Test 1: The number of SE-positive chicks in the 0.1 % supplement 
section was about a half at the age of 40 and 47 days, compared 
to that of the control section. Test 2: The number of SE-positive 
chicks in the 0.1 % supplement section was about a half at the 
age of 47 days, compared to those of the other test sections 



2 



and the control sections. From the test results, it is seen that 
excretion of SE is suppressed by adding 0.1 % of the present 
formulation to feed. 

(Published September 1, 2001) 
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A microbiological approach to infectious diseases major infectious diseases, including clinical aspects and 

affecting domestic animals, including birds, is present- diagnostic tests appropriate for each disease. Some of 

ed in Tables 168-174. These tables are organised on a the diseases listed may occur infrequently in some geo- 

species and systems basis. Species are dealt widi in the graphical areas, whereas they may be endemic in other 

following order: catde (Table 168), sheep/goats (Table specific regions or countries. 

169), pigs (Table 170), horses (Table 171), dogs Diseases where sudden death occurs do not lend 

(Table 172), cats (Table 173) and domestic birds themselves to description on a systems basis. Such dis- 

(Table 174). The diseases listed under poultry may eases include anthrax and the clostridial enterotox- 

affect several avian species. Those conditions men- aemias. Lesions on the skin of the mammary glands 

tioned under turkeys, ducks, geese and pigeons are and teats are covered in Chapter 36. Relevant ioforma- 

more common in, or specific to, these particular birds. tion on chemotherapy relating to the bacterial and fun- 

These tables are intended as a brief review of the gal diseases is presented in Chapter 7. 
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Escherichia, Salmonella, Shigella, and Yersinia 

LARRY D. GRAY 



m 



Sdmor\£\]a, S/iigeila, and Yersinia spp. and certain strains of 
Escherichia coU are enteric pathogens capable of causing 
severe gastroenteritis and life-threatening systemic illnesses 



ESCHERICHIA SPP. 

E. coU is the most common bacterium isolated in clinical 
microbiology laboratories, the most prevalent facultative 
gram-negative rod in feces, the most common cause of 
urinary tract infection, and a common cause of both intes- 
tinal and extraintestinal infections (see chapter 32 of this 
Manual) (1. 2, 13, 17, 23, 27, 37). 

£ coli Strains That Cause Diarrhea 
/ E. coll is part of the healthy bowel fecal flora of both 
( humans and lower animals; however, some strains of E. coU 
\ can cause severe and life-threatening diarrhea. Five distinct 
groups of E. coil" cause gastrointestinal illnesses ranging from 
mild diarrhea to choleralike diarrhea to potentially fatal 
complications such as hemolytic uremic syndrome (HUS) 
(Table 1) (1, 2. 13, 30, 37). Enterotoxigenic E. coli (ETEC) 
produces cholera toxin-like enterotoxins that elicit profuse 
watery diarrhea. Enteropathogenic E. coU (EPEC) causes 
infantile diarrhea. Enteroinvasive E. coU (EIEC) invades 
intestinal epithelium and produces dysentery similar to that 
caused by Shigella spp. Enterohemorrhagic E. coli (EHEC) is 
a defined subset of Shiga-like (veto) toxin-producing E. 
coll. At least one serotype (0157:H7) of EHEC can cause 
hemorrhagic colitis and HUS. Enteroaggregative E. coli 
(EAggEC) is the most recently described dianrheagenic E. 
coil. 

Strains of E. coU that cause intestinal infections resem- 
ble healthy bowel strains on common plating media and in 
biochemical tests (17). Unlike Salmonella and Shigella spp., 
pathogenic strains of E. coli can be lactose positive or 
negative. After they are subcultured, these strains can be 
serotyped (e.g., E. coii 0157:H7) or tested in specific viru- 
lence assays. 

ETEC 

Characteristics 

ETEC causes dehydrating infantile diarrhea in developing 
countries and traveler's diarrhea, but it is rare in the United 



States. ETEC can produce nausea, abdominal cramps, low 
fever, and a sudden-onset, profuse, watery diarrhea that is 
not unlike a mild case of cholera. Traveler's diarrhea caused 
by ETEC can be severe but is rarely fatal. ETEC produces 
plasmid-mediated, cell-associated heat-stable enterotoxins 
(ST) and heat-labile enterotoxins (LT) (13, 37). 

Detection of ETEC Enterotoxins 

The assays for LT and ST are relatively complicated, often 
involve biological systems or cell culture, and are performed 
primarily in reference or research laboratories. However, 
commercial products for the detection of ETEC LT and ST 
are available (Unipath [Oxoid], Ogdensburg, N.Y.). Cell 
culture assays for LT are described in chapter 14 of this 
Manual. 

EPEC •* 

Characteristics 

EPEC causes enteric diseases (particularly in small chil- 
dren) characterized by fever, vomiting, and prominent and 
watery diarrhea, usually with mucus but not blood (1, 37). 
The first E. coli isolates shown to be enteric pathogens were 
described as such in 1955 and were named EPEC at that 
time. Since 1950, 055, OIU, and other "enteropathogenic 
serotypes" have been shown to be important causes of 
worldwide infantile diarrhea. 

Detection 

EPEC can be isolated on routine enteric media. Polyvalent 
antisera for detecting EPEC O-antigen groups are still com- 
mercially available. In developed countries, these antisera 
probably do not have a place in routine lalaoratory proce- 
dures, but they can be used in neonatal outbreaks and cases 
of severe or chronic diarrhea. Five to 10 lactose-positive 
colonies of E. coli should be picked and examined for 
agglutination in specific antiserum. Strains that agglutinate 
in the serologic tests must be confirmed by titration accord- 
ing to the manufacturer's instructions (to eliminate cross- 
reactions) and should be submitted to a reference labora- 
tory for confirmation and determination of H antigen (i.e., 
complete 0:H typing), EPEC also has been detected by 
enzyme-linked immunosorbent assays (ELISA) and cell cul- 
ture assays (37). 
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Adherence factor; 
actachmer\t ro and 
effa cement of intestinal 
epithelium 

Invasion and destruction of 
intestinal mucosal 
epithelium 



Shiga-like toxins 



Diarrhea; hemorrhagic 
colitis 



Unknown 



Chronic and acute 
diarrheas 



Diarrhea (no 
leukocytes); 
abdominal cramps; 
blood in stool; 
fever, HUS, and 
1 J P° may or may 
not be present 

Watery diarrhea, 
vomiting 



All ages 



"TTP, thrombotic thrombocytopenic purpura. 



Characteristics 

Like Shigella spp. and unlike most E. coU strains associated 
with enteritis, EIEC invades the colonic mucosa, multiplies 
within mucosal epithelial cells, and disrupts the epithelial 
cells. Also like Shigella spp., EIEC produces enteritis char- 
acterized by fever, abdominal cramps, watery diarrhea, or 
typical bacillary dysentery with leukocytes (often excreted 
in sheets), blood, and mucus. In most studies, EIEC appears 
to be relatively rare in both developing and developed 
countries (17). 

Detection 

Like SKigella spp., most EIEC strains are nonmotile and 
non- or late lactose fermenters. EIEC can be isolated on 
routine enteric media and can be identified by the follow- 
ing:.Sereny test, 0:H serogrouping, ELISA, or invasiveness 
into HEp-2 or HeLa cells. AH EIEC strains are lysine 
decarboxylase negative, and almost all are nonmotile. The 
tnost common serotypes of EIEC are biochemically lactose 
positive; serot>'pes 0152 and 0124 are lactose negative. 
Antigenically, EIEC can cross-react with antisera to Shigella 
spp. 

EHEC 

Characteristics 

EHEC strains are water borne and food borne. EHEC is 
' ingested most commonly widh undercooked ground beef 
:^(10, 22, 28). Beef usually is contaminated at slaughter- 
-houses, where it contacts bovine feces. Person-to-person 

transmission occurs by the oral-fecal route, and appropriate 
1 infection precautions should be observed. EHEC produces 



two distinct lysogenic bacteriophage-encoded toxins that 
inhibit protein synthesis and are active against Veto and 
HeLa cells: Shiga-like toxin 1 (verotoxin 1) and Shiga-like 
toxin 2 (verotoxin 2) (22, 27). Unfortunately, simple meth- 
ods and commercially available products for detecting 
strains that produce Shiga-like toxins do not exist; how- 
ever, tests to detect strains that produce Shiga-like toxins 
can be performed by some reference laboratories. The Vero 
cell assay for Shiga-like toxins is described in chapter 14 of 
this Manual. 

There are >50 serotypes of EHEC (17, 22). However, E. 
coli 0157:H7 is the prototype EHEC. It is by far the most 
studied and publicized serotype, the only serotype that can 
be easily isolated and identified in most clinical microbiol- 
ogy laboratories, and the only EHEC that is a public health 
problem. Almost all published information regarding 
EHEC applies only to E. coli serotype 0157:H7. In most 
geographic areas, E. coU 0157:H7 is the most frequently 
isolated EHEC. Non-O157 EHEC strains are not common 
causes of dianhea and HUS and have not been shown to 
cause bloody diarrhea or outbreaks of diarrhea in the 
United States or Canada (22, 28). 

In many parts of North America, E. coh* 0157:H7 often 
is the second or third most commonly isolated enteric 
bacterial pathogen (usually isolated more often than Shigella 
and Yersinia spp.). It is usually the most common bacterial 
pathogen isolated from bloody stools and has been isolated 
from as many as 40% of all bloody stools (22). The occur- 
rence of E. coli 0157:H7 infectioris is greatest in June, July, 
and August in temperate climates (22). 

Clinical Manifestations 

After an incubation period of 3 to 5 days (range, 1 to 8 
days), E. coli 0157:H7 can cause an asymptomatic infec- 




452 ■ BACTERIOLOGY 



tion, mild diarrhea, or a diarrheal illness chat is character- 
ized by nonbloody (progressing to bloody) diarrhea and 
abdominal cramps (together knovm as hemorrhagic colitis) 
few leukocytes in stools, and lack of significant fever (lo! 
22). In adults, the illness usually is self-limited, lasts 5 to 8 
days, and resolves without sequelae. Of patients with E coU 
0157:H7 diarrhea, 2 to 7% develop HUS. the most impor- 
tant complication of EHEC infection. HUS is characterized 
by hemolytic anemia, thrombocytopenia, and acute renal 
failure (27). E, coU pl57:H7 is the leading cause of acute 
renal failure in children less than 4 years old (27). Persons 
who develop HUS have mortality rates of 3 to 10% and 
severe or chronic renal, cardiac, and neurologic complica- 
tion rates of 4 to 30% (10, 27). 

Detection and Identification 

I?^t1^^?' Centers for Disease Control and Prevention 
(CDC) recommended that ail laboratories culture routinely 
for E coU 0157:H7 (10, 28). Ideally, each laboratory 
should culture for E. coli 0157:H7 routinely for a few 
months to a year to determine the prevalence of the bac- 
terium and then decide whether routine culture for E coli 
OI57:H7 is cost-effective. This suggestion will not be prac- 
tical for many laboratories. Alternatively, other surveil- 
lance plans can be implemented: only patients with bloody 
stools could be cultured for £. coli Ol57:H7 routinely, all 
stools could be cultured routinely for E. coU Ol57:H7 but 
only during the months with the highest incidence of the 
disease, etc. (28). 

Stools from adults and children should be cultured 
within 7 and 30 days, respectively, of the onset of illness. 
Ideally, stool from any patient who reports having bloody 
dian-hea should be cultured for E. coli 0157:H7, because 
stool from a patient who has had bloody diarrhea does not 
always appear bloody in the laboratory. 

Approximately 80% of most healthy bowel fecal flora E. 
coll ferment D-sorbicol in <24 h (28). On the other hand, 
virtually all E, coli 0157:H7 do not ferment (or ferment 
very slowly) D-sorbitol, a characteristic used to differentiate 
E, coli 0157:H7 on MacConkey-sorbitol agar medium 
(SMAC). Therefore, £, coli" colonies that do not ferment 
D-sorbitol (colorless colonies after 24 to 48 h at 35 to 37°C) 
can be screened directly from SMAC or after subculture 
with one of two latex agglutination tests for E. coil 0157 
antigen (Unipath [Oxoid]; Pro-Lab Diagnostics, Round 
Rock, Tex.) (31, 42). If SMAC is used for primary culture 
and selection, only three colonies need to be screened for 
the presence of 0157 antigen. 

Unlike 92 to 96% of all E. colt, most Shiga- like- toxin- 
producing isolates of E. coli 0157:H7 do not produce )3-D- 
glucuronidase and cannot cleave 4-methylumbelliferyl-j3-D- 
glucuronide (MUG) to an end product that is visible under 
366-nm UV light; therefore, they are MUG negative (28, 
41). A MUG test is commercially available (Remel, Le- 
nexa, Kans.). 

Before any report is issued, the isolate must be proven to 
be E. coli by standard biochemical tests. Sorbitol-negative 
E. coU 0157:H7 isolates do not need to be tested for toxin 
production, because virtually all of these isolates produce 
toxin. 

Susceptibility to Antimicrobial Agents 
There is no evidence that use of antimicrobial agents to 
^eat E. coli 0157:H7 disease changes the course of the 
disease or is beneficial in any way (21, 27). 



EAggEC 

The term enteroadherent E.coli refers to E. coii' strains that 
do not produce LT or ST; are not invasive; usually are not 
grouped according to 0:H serotypes as ETEC, EPEC, EIEC 
or EHEC; and adhere to HEp-2 and HeLa celb in charac- 
teristic patterns (35, 37). 

EAggEC is the best-studied enteroadherent E. coli, 
EAggEC has been associated with chronic diarrhea in many 
parts of the world. In children, EAggEC produces intestinal 
illness characterized by watery diarrhea, vomiting, dehydra- 
tion, and, occasionally, abdominal pains, fever, and bloody 
stools. 

Detection 

The diagnosis of EAggEC-associated dian-hea can be ac- 
complished only by a liquid-cuhure clump aggregation test 
a test for adherence to cells, or a DNA probe test (4, 5, 35)! 

Species Other Than E. coli 

In addition to E. coli, the genus Escherichia includes Esch-- 
enchia hermanii (former CDC enteric group 11), Escherichia 
^fulnens (former CDC enteric group 1 ), Escherichia fergusom 
t/ormer CDC enteric group 10), and Escherichia hlattae. 
Although uncommon, these species occasionally are iso- 
lated from human specimens and appear to be potential 
pathogens (16). Escherichia adecarhoxylata/ag^merans has 
been assigned to a new genus (Leciercia adecarboxyhta). 



SALMONELLA SPP. 

Salmonella spp. have been isolated from humans and almost 
all animals throughout the world. Some serotypes ofSalmo- 
nAla are virtually species specific. For example, humans are 
the only known natural reservoir for serot>'pe Salmonella 
typhi and (for all practical purposes) serotypes Salmonelia 
paratyphi A, B, and C, ^ 

Salmonella spp. cause many types of infections, from mild 
self-limiting gastroenteritis to life- threatening typhoid fe- 
ver. The most common form of Salmonella disease is self- 
limiting gastroenteritis w'lxh fever lasting less than 2 days 
and diarrhea lasting less than 7 days. Typhoid fever, the 
best-studied enteric fever, is characterized by fever, head- 
ache, diarrhea, and abdominal pain and can produce fatal 
respiratory, hepatic, spleen, and/or neurologic damage. Bac- 
teremia, meningitis, respiratory disease, cardiac disease, os- 
teomyelitis, and other local infections caused by Salmonella 
spp. have also been reported (25). 

S. typhi and S. paratyphi A and B cause gastroenteritis, 
bacteremia, and enteric fever; Salmonella chokraesuis causes 
gastroenteritis and enteric fever, especially in children; and 
Salmonella typhimurium is the most frequently isolated sero- 
type in the United States. The first four serotypes are not 
common in the United States. Serot>'pes other than the 
first four are most likely to cause uncomplicated gastroen- 
teritis. 

Nomenclature and Classification 

Nomenclature and classification of these bacteria have 
changed many times and still are not stabilized (15,17, 18). 
The genera Salmonella and (die fornier) Arizona are so 
closely related in evolutionary lines and degree of DHA 
homology that they should be considered a single genus: 
Sdmonella (18). Most experts agree diat there are seven 
distinct subgroups of Salmonella, each with its own pheno- 
typic characteristics and its own historical progression of 
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nomenclature. See the previous edition of this Manual (10) 
for a useful and practical tabular presentation of the char- 
acteristics of the seven subgroups of Salmonella. Most sal- 
monellae (>99%) isolated in clinical microbiology labora- 
tories belong to subgroup 1. 

Serotypes 

The members of each of the seven subgroups of Sdmoi\eUa 
can be seroryped according to somatic O, surface Vi, phase 
1 flagellar, and phase 2 flagellar antigens (17). The detailed 
antigenic description of each serotype is always given in a 
notation in which major antigenic groups are separated by 
colons (O antigens:Vi antigen:phase 1 antigens: phase 2 
antigens). For simplicity and convenience, each of the most 
imponarit serotypes usually is named for the location where 
it was first isolated or for something else with which it is 
associated (i.e., each serotype is treated and named as if it 
were a species). For example, Salmonella subgroup 1 (chol- 
eraesuis) serotype l,4,5,12:i:l,2 can be called ''Salmonella, 
subgroup I, serotype typhimurium" or "Salmonella, serotype 
typhimurium"; however, it is usually called simply S. vyphi- 
murium. Experts at the CDC have stated that this simple 
nomenclature is widely accepted, practical, and clinically 
informative (18). 

Most laboratories use commercially available polyvalent 
antisera to determine the O-antigen groups of isolates of 
Salmonella (serogroup A, B, CI, C2, D, etc.) and to provide 
rapid and preliminary identification (e.g., Salmonella sero- 
group B) to physicians. Preliminary serogrouping is impor- 
tant, because certain results of serogrouping can suggest 
that an isolate might be one of the five important serotypes. 
Specifically, the well-recognized isolates S. paratyphi A, S. 
typhimurium^ S. paratyphi B, S. choleraesuis, and S. typhi are 
members of serogroups A, B, B, C, and D, respectively. 
Most state laboratories perform complete 0:H serotyping of 
Salmonella isolates. If an isolate fails to agglutinate in poly- 
valent antiserum, a glass test tube containing a very heavy 
suspension (in saline) should be placed into boiling water 
for 15 to 30 min (longer times can be required) and cooled, 
and the suspension should be retested with the antiserum. 
Boiling destroys the surface Vi capsular antigen that can 
block agglutination. 

Three commercially available latex agglutination tests 
can be used for the rapid detection of Salmonella and Shigella 
spp. after growth on solid media and in broth (Wellcolex 
Colour Solmonetia and Wellcolex Colour Shigella^ Murex, 
Kent, England; Bactigen Salmorxella-Shigella Test, Wampole 
Laboratories, Cranbury, NJ.) (8, 19, 24. 33, 38). 

Isolation 

Routine selective and differential enteric agar media usually 
are sufficient for isolating Salmonella and Shigella spp. (12). 
Both a differential enteric agar medium (MacConkey or 
eosin-methy^.ene blue) and a moderately selective agar me- 
dium {Salmonella'Shigella, xylose-lysine-deoxycholate, or 
Hektoen) should be used. Highly selective enteric agar 
media (brilliant green and bismuth sulfate) can be reserved 
for use only during outbreaks. Brilliant green agar is espe- 
cially good for isolating Salmonella spp. (except S. typhi and 
S. paratyphi), and bismuth sulfate agar is effective for iso- 
lating S. typhi. 

An enrichment broth (selenite or gram negative [GN]) 
can be added to the primary media to facilitate the recovery 
of small numbers of Salmonella and SKigeila spp. However, 
enrichment broths are not cost-effective enough for routine 



use except during outbreaks, when screening for carriers, 
and in other clinically warranted situations. 

Identification 

Suspicious colonies of SalTixonella spp. can be identified by 
manual or commercial biochemical methods. A less expen- 
sive (but usually 1 -day- longer) screening test for Salmonella 
spp. uses triple sugar iron (TSl) agar and lysine iron agar. 
The typical biochemical pattern on TSI is alkaline/acid, gas 
positive, and HjS positive. Some strains are lactose positive 
and acid/acid, but these strains usually are HjS' negative. 
The t>^pical pattern on lysine iron agar is alkaline/alkaline 
and H2S positive; however, lysine- and H2S-negative 
strains exist. S. paratyphi A is both lysine and H2S negative. 
To reduce laboratory expenses without decreasing the qual- 
ity of clinically relevant results, some laboratories no longer 
serogroup Salmonella and Shigella spp. but ir\stead send iso- 
lates to reference laboratories or to local or state public 
health laboratories for serogrouping. Isolates that give ap- 
propriate preliminary biochemical reactions should be se- 
rogrouped with commercially available polyvalent antisera, 
and a preliminary report should be issued. Subsequently, 
the isolate must be fully identified biochemically and fully 
seroryped by a reference laboratory before a final report is 
issued. 

The 4-methylumbelliferyl caprilate fluorescence disk 
test (Kernel) for detecting C8-esterase can be used to screen 
stool isolates for Salmonella spp. False positives can be 
caused by other members of the family Enterohacteriaceae (3, 
34, 36, 39). 

Serodiagnosis 

The Widal test for antibodies to the O antiger\s of Salmo- 
neUa serotypes most likely to cause typhoid fever, usually S. 
typhi and S, paratyphi A and B, can be useful in helping 
diagnose typhoid fever when other methods have failed 
(40). 

SHIGELLA SPP. 

Shigella spp. cause classic bacillary dysentery (shigellosis), a 
descending intestinal illness characterized by abdominal 
pain, fever, large volumes of watery stools, and, 1 to 2 days 
later, smaller volumes of stools that often contain much 
blood and mucus and many leukocytes. Tlie pathogenicity 
of shigellosis involves invasion and inflammation of the 
colonic epithelium, destruction of the superficial mucosa, 
sloughing of the mucosa, and production of mucosal ulcers. 
Shigella spp. rarely invade beyond the mucosa; recovery of 
the bacterium in blood is rare. Shigella dysenteriae can cause 
a particularly severe form of dysentery that has been re- 
ported to have fatality rates of up to 20%. Infection with 
Shigella spp. other than S. dysenteriae usually is self'limited 
and rarely fatal except in the elderly and in undernourished 
children. 

Most cases of shigellosis are individual cases and are due 
to person-to-person transmission. When associated with 
outbreaks, the disease usually is transmitted by contami- 
nated food and/or water. 

The four named species-serogroups of Shigella are S. 
dysenteriae (serogroup A), Shigella flexneri (serogroup B), 
Shigella boydii (serogroup C), and Shigella sonnei (serogroup 
D). Serot>T)ing SlugeUa spp. beyond the serogroup level is 
usually done only by reference laboratories and is extremely 
useful and even imperative in epidemiologic investigations. 

Shigella spp. first showed resistance to sulfonamides in 
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the 1950s and have developed multiple resistances since 
that time. Shigella isolates became resistant to tetracycline, 
then to ampicilUn in the 1970s and 1980s, and recently to 
trimethoprim-sulfamethoxazole. This development of mul- 
tiple resistance is especially prominent and problematic 
outside the United States. However, multiply resistant Shu 
geUa isolates are becoming increasingly common in the 
United States. 

Specimen, Media, and Identification 

In order of decreasing productivity, rectal swab specimens, 
stool, and anal swab specimens are the specimens of choice 
(14). Streaks and collections of blood, mucus, and pus in 
stool specimens are extremely productive and should be 
cultured. 

For optimal chances of isolating Shigella spp., a differen- 
tial enteric agar medium and a moderately selective agar 
medium should be used (20). Xylose-lysine-deoxycholate 
medium is especially good for isolating Shigella spp. 

Suspect colonies can be identified directly in many com- 
mercial identification systems. Alternatively, suspect colo- 
nies can be screened for Shigella spp. by subculturing the 
colonies onto TSl or Kligler iron agar (41). Isolates that are 
alkaline/acid on TSl or Kligler iron agar, H2S negative, and 
gas negative can be further identified to genus and species. 
Shigella spp. other than S. sonnei should be sent to a state or 
reference laboratory for serotyping. 

Occasionally, biochemically identified isolates of Shigella 
will not agglutinate in Shigella antisera. Suspensions of these 
isolates should be heated in a water bath at lOO'^C for 15 to 
30 min and retested for agglutination. Such isolates could 
be ElEC. 

Differentiation of SbigeUa spp. and f. coli 

Taxonomically, Shigelb spp. and E. coli are essentially the 
same .genus and species. Their DNA relatedness is very 
high, they are often difficult to differentiate biochemically, 
and they cross-react serologically (see chapter 32 of this 
Manual). However, they have remained separate species for 
clinical reasons. The following are suggested guidelines for 
identifying Shigella spp, (17). 

1. Isolates are always nonmotile and lysine negative. 

2. With the exception of a few strains of a few serotypes 
(S. flexneri 6, S. boydii 13 and 14, and S. dysenteriae 3), gas 
is not produced during carbohydrate fermentation. 

3. Isolates that ferment mucate or are alkaline on ace- 
tate or Christeiisen citrate agar are likely to be E. coU, 

4- S. boydii and 5. dysenteriae are very rare in the United 
States, and isolates identified as one of these should be 
retested or confirmed in some way before a final report is 
issued. 

YERSINIA SPP. 

All 11 species of Yersinia are well established members of 
the family Enterohacteriaceae, and all have been isolated 
from clinical specimens. At least three species are unques- 
tionably human pathogens; Yersinia pestis, Yersinia enteroco- 
litica, and Yersinia pseudotuberculosis- Yersinioses are zoo- 
notic infections that usually, affect rodents, small animals, 
and birds; humans are accidental hosts. Both Y. pesds and 
Y. pseudotubercubsis are rarely isolated in the United States. 

K pestis 

V pesns causes both urban and sylvatic plague. Rats are the 
/"^^"^^^ ^- ^^'^ in urban plague (the devas- 



tating city" disease of the Middle Ages), and small animals 
such as ground squirrels, field and wood rats, rabbits, and 
domestic cats^are the natural reservoirs in sylvatic plague 
(the "country" plague as it exists today in many countries 
including the United States). Humans become infected 
with the bacterium when they are bitten by fleas of natural 
reservoirs, when they handle infected animals or tissues, 
and, much less commonly, when they inhale aerosolized Y. 
pestis generated by a person with pneumonic plague (12). 
The last reported case of human- to-human trar\smission of 
plague in the United States occurred in 1924. 

Infections due to Y. pestis are rare in the United States; 
most (89%) of the cases have been reported from New 
Mexico, Arizona, California, and Colorado (12). From 
1970 to 1991, there were 295 reported cases of indigenous 
plague in the United States (high year, 1983 [40 cases]). 

Y. pestis is not a fastidious bacterium; it grows well on 
blood agar and many other enteric media. However, after 
24 h on blood agar and many enteric agars, the colonies are 
only pinpoint, much smaller than those of other Enterobac- 
leriaceae. After 48 h, the colonies are 1 to 1.5 mm in 
diameter and gray-white, and they can appear slightly mu- 
coid. 

Y. pestis is inactive in routine biochemical tests but has 
a typical pattern that closely resembles that of Y. pseuioiw 
berculoisis (see chapter 32 of this Manual). Broth cultures of 
Y. pestis have a characteristic "stalactite pattern" in which 
clumps of cells adhere to the side of the tube and settle to 
the bottom if the tube is disturbed. Many commercial 
identification systems do not include Y. pestis in their data 
banks; therefore, Y. pestis must be suspected from its ap- 
pearance on primary media and from clinical and epidemi- 
ologic information. Isolates suspected of being Y. pesds 
should be reported immediately by telephone to the state 
health department, which will request that the isolate be 
sent to a specialized reference laboratory. In the United 
States, isolates should be sent to Plague Section, Bacterial 
Zoonoses Branch, Centers for Disease Control and Preven- 
tion, RO. Box 2087, Fort Collins, CO 80522; telephone, 
(303) 221-6450. ^ 

Y. enterocoHtica 

In the last several years, Y. enterocolidca has been isolated 
from many kinds of clinical and nonclinical specimens in 
many countries, particularly in Europe, Scandinavia, and 
Canada. Serot>^pe 0:3 is reported to be an increasingly 
significant enteric pathogen in the United States, especially 
in California, New York City, and some pediatric popula- 
tions (6, 7, 29, 32). The natural reservoirs of the bacterium 
are many kinds of animals, especially pigs, rodents, live- 
stock, and rabbits. Y. enterocolidca is transmitted by inges- 
tion of contaminated food (often milk and pork) and water, 
probably by the fecal-oral route, and perhaps by contact 
with infected animals. 

Clinical Manifestations 

Y. enterocolidca is a significant and invasive enteric patho- 
gen that causes several well-recognized diseases, especially , 
m younger persons, and several uncommon postinfection 
syndromes (11), The most common diseases caused by the - 
bacterium are (hemorrhagic) enterocolitis, tenriinal ileitis, : 
mesenteric lymphadenitis (pseudoappendicular syndrome), ^ 
septicemia, and focal infections in many extraintestinal 
sites. 

Enterocolitis caused by Y. enterocolidca is characterized , 
by diarrhea, low fever, and abdominal pain. Leukocytes 
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and, often, blood can be present in stools. The illness 
usually is self-limiting, but many complications have been 
reported (11). Patients (commonly teenagers) with 
pseudoappendicular syndrome usually present with fever, 
right lower quadrant tenderness, and abdominal pain. The 
syndrome is clinically similar to and often misdiagnosed as 
appendicitis but is actually mesenteric lymphadenitis and 
terminal ileitis. Y. enterocoUuca can be cultured from the 
lymph nodes and ileum. Many cases of fatal bacteremia and 
septic shock have been associated with Y. enterocolitica- 
contaminated blood transfusion products (9, 26). 

Biogroups and Serotypes 

Most isolates can be serotyped as one of >50 serotypes 
according to somatic O antigens. Only certain biotypes and 
serotypes of Y, enterocolitica are generally considered enteric 
"and invasive pathogens. In the United States, serotypes 0:8 
and 0:5,27 cause mesenteric lymphadenitis and the most 
invasive forms of Y. enterocolitica disease. 

Isolation 

Although strains of Y. enterocolitica grow faster at 37 than at 
25°C, the lower temperature is recommended for primary 
isolation. Strains of Y. enterocolitica grow well on MacCon- 
key agar incubated at 37°C, but the colonies are much 
smaller than those of other species of Enterohacteriaceae. 
Cefsulodin-irgasan-novobiocin (GIN) agar is specifically 
designed to isolate Yersinia spp. Cultures on CIN agaf^re 
incubated at 32°C for 24 h or at 22 to 25*^C for 48 h. After 
18 to 24 h on CIN agar, colonies of Y. enterocolitica are 
translucent without dark red centers; by 48 h, the colonies 
are dark pink with translucent borders and are occasionally 
surrounded by a zone of precipitated bile. Both pathogenic 
and nonpathogenic strains of Y. enterocolitica and other 
Yersinia species grow on CIN agar, but most other bacteria 
(except Citrobocter spp.) are inhibited. Strains of Y. encero- 
colitica usually are lactose negative, but lactose-positive 
strains exist. 

If a dedicated medium for Yersinia spp. is not used, 
cultures on MacConkey agar can be examined after 24 h at 
35 to 37°C for small colorless colonies that become much 
larger after an additional 24 h of incubation at room tem- 
perature. 

Many laboratories culture for Y. enterocolitica only on 
request, because the routine use of special selective media 
for Y. enterocolitica (CIN agar) is a low-yield procedure and 
is not cost-effective. 

Jdentification 

On TSl agar, most isolates of Y. enterocolitica typically 
produce an acid/acid reaction with no gas or H2S. Some 
strains produce an alkaline reaction because of slow sucrose 
fermentation or the production of alkaline products from 
peptones in the medium. The typical acid/acid reaction on 
TSI agar is tha.same as that of some EnteTobacteriaceae such 
as E. coli; therefore, Y. enterocolirica can be missed if TSI 
agar is used to screen for Salmonella and Shigella spp. On 
KUgler*s iron agar, Y. enterocolitica will produce an alkaline/ 
acid reaction similar to that of Salmonella and Shigella spp. 
Most isolates of Y. enterocolitica are urea positive (often at 
24 h; sometimes several days are required) and motile at 25 
: butnot37°C. 

Serodiagnosis 

, In culture-negative cases of suspected Y. enterocolitica or Y. 
• Pseudotuberculosis disease, the results of serologic assays (mi- 



crohemagglutination, complement fixation, and enzyme 
immunoassay) for antibody to these bacteria might be help- 
ful. Such assays are available in some large commercial 
clinical laboratories. 

V. pseudotuberculosis 

Y, pseudotuberculosis is biochemically similar to Y. pesos, 
causes illnesses (usually in persons 5 to 15 years old) similar 
to those caused by Y. enterocolitica, and is isolated (usually 
from blood) only rarely in the United States. The disease 
caused by this bacterium is a zoonosis. The natural reser- 
voirs of the bacterium are rodents, wild animals, and game 
birds throughout the world. 

Other Species of Yersinia 

The other eight species of Yersinia {Yersinia frederiksenii, 
Yersinia intervriedia, Yersinia kristertsenii. Yersinia aldovae, Yer- 
sinia bercovieri, Yersinia mollaretti, Yersinia rohdei, and "Yer- 
sinia ruckeri" are also found in both intestinal and extrain- 
testinal specimens and are biochemically similar to each 
other. Tliese species can grow at 4°C and on CIN agar, and 
they can multiply in refrigerated foods. The pathogenic 
potential of these eight species is controversial, but at this 
time, isolates should not be disregarded. 
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NATURAL HABITAT AND I 
CLINICAL SIGNIFICANCE ' 

•Yeasts are ubiquitous in our environment, being found on 
fruits, vej^ctablcs, and other plant materials (exogenous). 
Some live as normal inhabitants in and on our bodies 
^ (endogenous). Therefore, they may be found in specimens 
without having any clinical significance. Yeasts are consid^ 
ered opportunistic pathogens and as such may be cultured 
from specimens of patients debilitated in some fashion, e.g., 
by hormone imbalance; by the administration of immuno- 
suppressive agents such as corticosteroids, anticancer drugs, 
and the newer anti-MDS drugs; or by the overuse of 
broad-spectrum antibiotics. Patients who undergo trans- 
plant surgery and the concomitant administration of im- 
munosuppressive drugs often acquire yeast infections. Dis- 
eases such as AIDS and others that cause a diminution or 
depletion of the immunological system are also predisposmg 
factors for yeast infections. Endocarditis caused by yeasts 
has been associated with the use of nonsterile equipment by 
drug addicts. Fungemia may occur when indwelling cathe- 
ters are not changed or removed at frequent intervals; it 
also has been reported in infants supported by hpid-supple- 
mented hyperalimentation (17). , ir 

Yeasts are by far the most common fungi isolated trom 
human patients. The decision as to the significance of their 
presence in a specimen ultimately rests with the physician, 
but accurate, complete information from the laboratory is 
essential for reaching a reasonable conclusion. Type ot 
specimen (e.g., closed, normally sterile sites rather than 
sputum or urine), number of specimens positive with the 
same organism from the same patient, and number ot col- 
onies formed are all critical pieces of information and 
should be carefully noted. 



CHARACTERISTICS OF YEASTS 

Yeasts are unicellular, eukaryotic, budding celb that are 
generally round to oval or. less often, elongate or irregular 
in shape. They multiply principally by rht production ot 
blastoconidia (buds). When blastoconidia are produced one 
after the other in a linear fashion without separation, a 
structure termed a pseudohypha is formed. Under certain 
circumstances, some yeasts may produce tme septate hy- 
phae. Such circumstances are associated with the diminu- 



tion of oxygen, e.g., in host tissues or for submerged colo- 
nies in agar medium, at the bottom of broth medium in a 
test tube, or in the presence of 5 to 10% COj. 

Cultures of yeasts are moist, creamy, or glabrous to 
membranous in texture. Several produce a capsule that may 
make the colony mucoid. With rare exceptions, aerial hy- 
phae are not produced. Colonies may be hyaline, brightly 
colored, or darkly pigmented because of d^e presence of 
melanins. Organisms with darkly pigmented colonies, 
found in the family Dematiaceae, are discussed in chapter 
67 of this Manual. Dimorphic 'fiingal pathogens possessing 
a yeast phase in tissue are also discussed in other chapters. 

Although there are many yeast genera and hundreds of 
yeast species, relatively few of these produce disease in 
humans and animals. Yeasts generally are identified (clas- 
sified) by observing the macroscopic and microscopic fea- 
tures mentioned above. Usually, biochemical tests are also 
required for definitive identification to species level. In 
most instances, the pathogenic yeasts are found among the 
Deuteromycetes, or Fungi Imperfecti. that is. fungi that do 
not exhibit the sexual or teleomorphic state in culture. 

Yeasts also may be classified as Ascomycetes or Hetero- 
basidiomycetes depending on their method of sexual repro- 
duction. A few genera may produce the sexual state on 
standard mycological media over time. In some instances, it 
may be necessary to identify the teleomorphic state of a 
yeast culture. This is best accomplished by submitting the 
culture to a reference laboratory for further study. 

DIRECT EXAMINATION 

The appropriate examination of a clinical specimeii is es- 
sential prior to proper processing of the material. Addition- 
ally, examination often will aid the laboratorian and the 
physician in a preliminary identification, eidier ruling in or 
Riling out certain pad:iogenic yeasts. Certain methods are 
universal to the preliminary observation o^^L^J^ a spec- 
imen. e.g., Gram stain, calcofluor, and 20% KOH How- 
ever, others, such as India ink preparation for the demon- 
stration of a capsule, are used for the yeasts and yeast-like 
fungi only. This preparation is used widi cultures and on 
specimens of urine, cerebrospinal fluid, etc, that have been 
centrifiiged- It generally is not useful on primary specimens 
such as sputum or on other materials that do not allow even 
distribution of the ink. It must be remembered that it 20% 
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Aspergillus, Fusarium, and Other Opportunistic 
Moniliaceous Fungi 

MICHAEL j . KENNEDY AND LYNNE SIGLER 




The incidence of infections caused by moniliaceous fungi 
that typically exist as ubiquitous saprophytic and plant 
parasitic moulds has risen dramatically in recent years (42). 
The increased use of antimicrobial agents and more aggres- 
sive and prolonged chemotherapeutic regimens for treat- 
ment of malignant diseases have contributed to this trend 
(7 62 113) Similarly, the advent of routine organ trans- 
pl^tation and implantation of prosthetic devices, the in- 
troduction of highly technical methods for advanced life 
support and the management of newer diseases, especially 
AIDS, and physiologic disorders have put patients at 
greater risk of infection by fungi historically thought of as 
"laboratory contaminants" (54, 140). Moreover as patient 
longevity increases with better management ot AlUb or 
neoplasmas, there is greater risk for infection by uncommon 
fungal pathogens (42, 124). This chapter focuses on those 
fungi that grow in tissue in d^e form of hyalme or lightly 
colored septate hyphal elements and that produce a varied 
clinical spectrum- 

CLINICAL MANIFESTATIONS AND 
( DISEASE TERMINOLOGY 

^ The spectrum of disease caused by hyaline moulds is di- 
verse, is largely determined by the local and general immu- 
nologic and physiologic state of the host, and may be 
symptomatic or asymptomatic. In most instances, the portal 
of entry for fungal propagules is either through a break in 
the epidermis or by way of the lungs. Noted exceptions to 
this include introduction into the body by means of con- 
taminated surgical instruments, intraocular lens, and pros- 
thetic devices or other contaminated tnaterials or solutions 
associated with surgery and/or routine health care (90.. 136, 

^"^^thou^h these opportunistic moulds grow in most body 
tissues and fluids, colonization or invasion is commonly, but 
not solely, associated with subcutaneous soft tissue and 
mucous membranes. Individuals whose resistance is lowered 
as a result of a severe debilitating disease or immunosup- 
pressive therapy Wpically suffer from invasive pulmonary or 
paranasal sinus infection, but in some instances the infect- 
ine fungus may spread to surrounding tissues or dissemmate 
to virtually any organ (90. 113, 136). Noninvasive forms of 
infection also have been noted in debilitated individuals as 
well as in individuals with apparently normal defense 



mechanisms. In such cases, the fungus colonizes a preexist- 
ing cavity in the lungs such as an ectatic bronchus, a 
tuberculous cavity, or a lung cyst (20). Other clinical syn- 
dromes are also recognized. Infections of the ear canal, nail, 
cutaneous and subcutaneous tissues, cornea, and other sites 
manifesting as cellulitis, bursitis, nephritis, endocarditis 
peritonitis, fungemia. and, rarely, cerebral infections and 
involvement of the central nervous system have been doc- 
umented (8. 121). . 

The use of the term aspergillosis to define infections 
caused by species of Aspergillus is well established, but the 
practice of coining disease names based on the genus of the 
fungus involved has disadvantages for infections caused by 
uncommon or rare fungal pathogens. The wide variety of 
fungi involved has made it difficult to place the organisms 
into accessible groups, and problems arise when fungus 
names are changed. To avoid the coining and proliferation 
of unnecessary new disease names based on the genus of the 
fungus involved, two major disease groups have been pro- 
posed: hyalohyphomycosis and phaeohyphomycosis (2, 3, 
105) Each group encompasses a variety of clinical syn- 
dromes but is based on die presence of septate hyphal 
elements without or with pigmentation or melanin in the 
cell wall (2, 3, 105). Phaeohyphomycosis, as originally 
defined, is a heterologous group of infections characterized 
by the presence of dark (brbwn to black) -pigmented hjngal 
elements in tissue (see chapter 67 of this Manual); how- 
ever, there has been some confusion about the use ot the 
tenn. If melanin pigmentation in tissue is the primary 
criterion for inclusion under the broad umbrella of this 
mycosis, several fungi that are dematiaceous in vitro should 
be excluded from this group, since they grow as hyaline 
elements in tissue. Species of Scedosporium, for instance, 
form pigmented conidia in vitro and hyaline hyphae m 
tissue that are indistinguishable from diose of Aspergillus 
species. Another example of this anornaly is die strongly 
pigmented fungus hiattrassia man^ferae (ScywbAium dxrmdia^ 
ium), which usually forms hyaline or lightly pigmented 
hvphal elements in tissue. Although special stams (e.g., the 
Masson-Fontana silver stain) may help detect melanin in 
fungal elements in tissue, the results are not always decisive. 
Some fungi with variable pigmentation, such as Sporothnx 
schencldi, may stain faintly or inconsistently (91). Recently, 
a subcommittee of the International Society for Human 
and Animal Mycology (ISHAM) added to the confusion by 
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defining phaeohyphomycosis as infection caused by a de- 
matiaceous fungus (117). The term "hyalohyphomycosis" 
was proposed as a complement to phaeohyphomycosis for 
all subcutaneous and systemic infections in which the f^jngi 
involved have a tissue form consisting of hyaline, septate, 
branched, and, occasionally, toruloid mycelial elements 
(121). Although it was not intended to replace disease 
names such as aspergillosis, the term received qualified 
endorsement by the ISHAM subcommittee (117) only as a 
general term for infections caused by "unusual hyaline 
pathogens." This committee recommended that, rather 
than "generic" disease names, fungal diseases be given 
names that provide a specific description of the pathology 
and name the causative agent, e.g., subcutaneous cyst 
caused by fungus X. This approach may resolve the current 
difficulties in trying to categorize infections by the color of 
fungal elements in tissue. 

ETIOLOGIC AGENTS 

The opportunistic hyaline moulds that have been reported 
to cause infection in humans and animals are listed in 
T^le 1. Verification of authenticity of reports can be 
difficult if the fungus is inadequately described and illus- 
trated and if representative cultures are not maintained in 
culture collections- This chapter describes the more com- 
monly occurring opportunists and briefly comments on 
some rarer agents. 

Classification and Morphology 

The opportunistic hyaline moulds are distributed through- 
out the kingdom Fungi and belong to genera of the Asco- 
mycotina, Basidiomycotina, and Fungi Imperfecta The 
Fungi Imperfecti is a special division or "fonn" division 
consisting of fungi for which no sexual stage (teleomorph) 
is known and fungi that are the asexual stages (anamorphs) 
of ascomycetes and basidiomycetes. Today, the teleomorphs 
of many of the opportunistic fungi are known. Although 
teleomorphs occasionally are isolated in culture, they may 
be difficult to obtain by routine culture methods. The Fungi 
Imperfecti includes both yeasts (unicellular growth) and 
moulds (filamentous growth) and is divided into three 
form-classes: (i) Blastomycetes, including unicellular organ- 
isms reproducing by budding or fission and sometimes pro- 
ducing hyphae (yeasts and yeastlike fungi; see chapter 61 of 
this Manual); (ii) Hyphomycetes; and (iii) Coelomycetes. 
Reproduction in mould fungi is characterized by the pro- 
duction of conidia, which are reproductive propagules pro- 
duced following mitotic division of the nucleus. Conidia are 
formed when the nucleus migrates into the propagule from 
a specialiied cell called a conidiogenous cell. The conid- 
iogenous cell(s) may be borne on an erect simple or 
branched structure known as a conidiophore (Hyphomyce- 
tes) or within a specialized fruiting body called a conidioma 
(Coelomycetes). 

Most of the pathogenic moulds are classified as Hypho- 
mycetes. Identification of Hyphomycetes is based on mor- 
phology of the conidia and the mechanisms by which 
conidia are formed (conidiogenesis). Three basic tools are 
necessary for practical observation of these features, (i) An 
ocular micrometer (see chapter 67) is essential for recording 
the sues of conidia or of sexual spores when present. Iden- 
tification of the less common opportunists requires compar- 
ison with published taxonomic descriptions in which size is 
often a key criterion for species distinction, (ii) A dissecting 
microscope with magnification up to X60 and basal illumi- 



nation is useful for examining petri plate cultures or culture 
tubes for the presence of conidia in chains or slimy heads 
speciahied structures such as hulle cells, sclerotia, conidi- 
omata, or sexual fruiting bodies forming under the aerial 
mycelium or embedded in the agar, (iii) Microscopic 
mounts that allow observation of how a fungus forms its 
conidia are also necessary. Slide culture preparations are 
excellent for many fungi (155), but conidial stujctures of 
some species of Aspergillus or Penicillium may not be typical 
in slide culture conditions. 

MIorphologic features of importance for identification of 
conidial fungi include (i) conidium size, shape, and pattern 
of septation; (ii) color of conidia and conidiophore 
whether hght (hyaline or moniliaceous) or dark (dematia- 
ceous); (ni) developmental aspects of conidiogenesis, in- 
cluding nature of the conidiogenous cell; (iv) mechanism of 
conidium liberation or dehiscence; and (v) structure of the 
conidioma (if present). Differences in conidial shape and 
septation, which distinguish groupings knouTi today as Sac- 
cardo spore groups (119), are readily observable character- 
istics convenient for preliminary distinction. Conidia may 
be single celled (amerosporae) or have one (didymosporae) 
or more (phragmosporae) septa. If a fungus produces both 
nonseptate and septate conidia, the conidia are often re- 
ferred to as micro- and macroconidia. Conidia also vary in 
shape, being long and narrow (scolecosporae; as in Fusarium 
species), spirally coiled (helicosporae), or star shaped (stau- 
rosporae). Development of a conidium may occur by con- 
version of an existing cell or several cells (thallic-arthric) or 
may involve new wall building or blowing out of a portion 
of the wall (blastic). Conidiogenesis usually occurs at a 
particular location on a conidiogenous cell. If development 
occurs at a site that remains fixed and gives rise to more 
than one conidium, then the site is stable or determinate. If ' 
development occurs at new points on the conidiogenous 
cell (or axis), then the site is unstable or indeterminate. 
New sites of conidial development may occur'^as the axis 
lengthens (progressive) or shortens (retrogressive). The 
conidiogenous cell may produce only a single conidium or 
multiple conidia. Sympodial development involves the de- 
velopment of a single conidium at successive sites on a 
lengthening axis. Conidiogenous cells that are specialized 
to produce multiple conidia include the phialide and the 
annellide. Although it is often difficult to distinguish be- 
tween these two types of cells, the annellide elongates, and 
sometimes narrows, during the formation of each new 
conidium, leaving an often imperceptible series of rings or 
scars on the conidiogenous cell. Scrutiny of the cell under 
an oil immersion objective may be necessary to make this 
distinction. Phialides and annellides produce conidia that 
accumulate either in slimy masses or in chains with the 
youngest at the base of the chain (basipetal). Conidia may 
also form in acropetal chains, with the youngest conidium 
at the tip of the chain. Distinction between acropetal and 
basipetal chains is possible by careful scrutiny of the size 
and wall morphology of the top and bottom conidia of the 
chain. The youngest conidium is recognizable by its smaller 
size, lighter color if the conidia are pigmented, and differ- 
ences in wall ornamentation if the conidia are roughened. 
Some conidiogenous cells are specialized to simultaneously 
form multiple conidia over the surface of the swollen cell. 
When mature, conidia detach by fission of a double septum 
(schizolytic dehiscence) or by sacrifice of a supporting cell 
(rhexolytic dehiscence) either by fracture of a thin-walled 
region of the supporting cell or by lysis. Lytic dehiscence 
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